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INTRODUCTION. 


During the summer of 1913 the Secretary of Agri- 
culture established a board to reorganize the system of 
publications of the Department of Agriculture. In 
accordance with the proceedings of the board and the 
suggestions from representatives of the Weather Bureau, 
the ‘‘Bulletin of the Mount Weather Observatory” 
ceased to be published with the completion of its volume 
6. Any subsequent contributions from the members of 
the research staff that would have been proper for that 
Bulletin will be incorporated in the Monthly Weather 
Review. The climatological service of the Weather 
Bureau will be maintained in all its essential features, 
but its publications, so far as they relate to purely local 
conditions, will be incorporated in the monthly reports 
for the respective States, Territories, and colonies. 

Beginning with January, 1914, the material for the 
Monthly Weather Review will be prepared and classified 
in accordance with the following sections: 

Section 1.—Aerology.—Data and discussions relative 
to the free atmosphere. 

SECTION 2.—General meteorology.—Special contribu- 
tions by any competent student bearing on any branch 
of meteorology and climatology, theoretical or otherwise 

SecTION 3.—Forecasts and general conditions of the 
atmosphere. 

Section 4.—Rivers and floods. 

Section 5.—Bibliography.—Recent additions to the 
Weather Bureau library; recent papers bearing on 
meteorology. 

Section 6.— Weather of the month.—Summary of local 
weather conditions; climatological data from regular 
Weather Bureau stations; tables of accumulated and 
excessive precipitation; data furnished by the Canadian 
Meteorological Service; monthly charts Nos. 1, 2, 3, 4, 5, 
6, 7, 8, the same as hitherto. 


In general, appropriate officials will prepare the six 
sections above enumerated; but all students of atmos- 
pherics are cordially invited to contribute such addi- 
tional articles as seem to be of value. 

The voluminous tables of data and text relative to 
local climatological conditions that, during recent years, 
have been prepared by the 12 respective ‘‘district 
editors ”’ will be omitted from the Monthly Weather 
Review, but will in future be collected and published by 
States at selected section centers. 

The data needed in Section 6 can only be collected and 
prepared several weeks after the close of the month whose 
name appears on the title page; hence the Review as a 
whole can only issue from the press within about eight 
weeks from the end of that month. 

It is hoped that the meteorological data hitherto con- 
tributed by numerous independent services will continue 
as in the past. Our thanks are especially due to the fol- 
lowing directors and superintendents: 

The Meteorological Service of the Dominion of Canada. 

The Central Meteorological and Magnetic Observatory 
of Mexico. 

The Director General of Mexican Telegraphs. 

The Meteorological Service of Cuba. 

The Meteorological Observatory of Belen College, 
Habana. 

The Government Meteorological Office of Jamaica. 

The Meteorological Service of the Azores. 

The Meteorological Office, London. 

The Danish Meteorological Institute. 

The Physical Central Observatory, St. Petersburg. 

The Philippine Weather Bureau. 

‘ The General Superintendent United States Life-Saving 
ervice. 
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SECTION I.—AEROLOGY. 


SOLAR RADIATION INTENSITIES AT MOUNT WEATHER, 
VA., DURING APRIL, MAY, AND JUNE, 1914. 


By Hersert H. Kiusatt, Professor of Meteorology. 
{Dated Mount Weather, Va., July 16, 1914.} 


In Table 1 are summarized the solar radiation meas- 
urements made at Mount Weather, Va., with a Marvin 
yyrheliometer, during April, May, and June, 1914. 
Measurements have been made with the sun at approxi- 
mately the following zenith distances, whenever it was 
unobscured by clouds: 80.7°, 79.8°, 78.7°, 77.4°, 75.7°, 
73.6°, 70.7°, 66.5°, 60.0°, and 48.3°, with an additional 
observation as near noon as possible, at which time the 
sun’s zenith distance has varied from 33° in April to 
18° in June. 

For details relative to the standardization of the 
Marvin pyrheliometer, and the interpolation of readings 
to the air masses given in the heading of Table 1, see 
page 138 of the current volume of this Revirw. 

Both the maximum and the mean radiation intensi- 
ties measured in April and June, 1914, equal those of 
corresponding months in previous years, and exceed 
those of 1913, and of June, 1912. From May 19 to May 
27, inclusive, the radiation intensity was considerably 
below the average, probably on account of the smoki- 
ness of the atmosphere, due to forest fires in States north 
and west of Virginia. Through the courtesy of the 
Chief of Forest Service we are able to quote the follow- 
ing from the manuscript report by K. W. Woodward, 
Forest Inspector: 

On account of the long-continued dry weather the fire situation is 
very serious throughout the Southern Appalachians and White Moun- 
tains. At the present time large fires are burning near Government 
land in the White Top, Unaka, and Smoky Mountain areas.. Ordi- 
narily there would be no damage from fire in the Southern Appalach- 
ians this season of the year, because normally the foliage is completely 
out by this time. But, in most cases, there has been no rain to speak 
of since the lst of May. 


TABLE 1.—Solar radiation intensities at Mount Weather, Va., during 
April, May, and June, 1914. 
[Gram-calories per minute per square centimeter of normal surface.] 


Air masses. 


Date. a — " " 
1.0 1.5 2.0 2.5 3.0 3.0 4.0 4.5 5.( 0.5 6.0 
1914. Gr.- | Gr.- | Gr.- | Gr.- | Gr.- | Gr.- | Gr.- | Gr.- | Gr Gr.- 
A. M. cal. | cal cal cal. | cal. | cal. | cal sal. | cal. nal. 
a eet 1.41 | 1.27 | 1.14); 1.92 | 0.9 0.85 0.80 0.75 | 0.69 > 0.65 
__ ree 1. 40 -29 | 1.17 | 1.07 | 0.97 | 0.8 0.79 | 0.71 | 0.66 | 0.61 
ES 1.51 | 1.32 .21 | 1.10 | 1.01 | 0.93 | 0.86 | 0.80 | 0.75 | 0.70 
. See KP)" DLS) ee ee en ee ee Se Sen Kae 
Ae BLES 2 a Se ee Coe eee ne, Meer s Seen : = 








TaBLE 1.—Solar radiation intensities at Mount Weather, Va., during 
April, May, and June, 1914—Continued. 


Air masses. 


Date. 
1.0 1.5 2.0 25 3.0 3.5 4.0 4.5 ».0 5.5 6.0 
1914 Gr.- Gr.- Gr Gr Gr.- | Gr.- | Gr.- | Gr.- | Gr.- 7? Gr.- 
A.M. cal cal. cal cal cal. | cal cal cal cal cal cal 
of | eee BAM Xf OES SERIE PN, HRs RE RAPE pee, Senne Seeeiee 
| Sr SoM ES Sah Oy) fe Ree eee eee pees ee tere lemme 
Sp See SS bes BF * 3h > Be & > 2 eles See, See, oe | 
SS 2 27 | 1.08 0.92 | 0.81 | 0.71 | 0.61 | 0.52 | 0.46 | 0.42 | 0.38, 0.33 
_ Eee SS ge” gh t wt Sf ee CRP Bet) TORTy ARTs) BO eae EER 
- ee 1.10 | 1.01 | 0.88 | 0.79 | 0.70 | 0.63 | 0.57 | 0.52 | 0.47 | 0.42 |...... 
ease es 0.99 | 0.86 | 0.68 | 0.58 | 0.50 | 0.42 | 0.36 | 0.31 | 0.27 |......]...... 
_ a 1.12 | 085 | 0.70 ' 0.61 | 0.54! 0.48 | 0.43 | 0.38 | 0.32 !....../...... 
See eee ee REAPS SREES Cope > (eGee: SI Gee) ene ae, eee 
_ ee Es eee cde Ee PEPE Porn eae EB c GR PPR CTE, ee RR ee 
26 1.02 | 0.76 0.62 





P. M. 
hn Ses > MARS REI RATA Ro! AEN >, Lbomeeme pai te eS HRM! (Sparse 
. Tee 1.33 | 1.07 Pes 5 ROSES ee ee fae ee ee ee ce eee eee 
ES: Fee 1.06 | 0.89 0.75 | 0.66 | 058 | 0.50 | 0.45 | 0.43 |....../...... 
_ RSP NED Ee Tae: 0.76 | 0.68 | 0.60 | 0.53 | 0.47 | 0.42 | 0.38 |......1!...... 
SF er 110 | 0.95 | 0.8 | 0.73 | 0.65 | 0.58 | 0.52 | 0.47 | 0.43 |...... 
SEES eta 0.91 ae) eae 1 eee tT Ge be ca cbscceculoccccclsaecs 
SERS Sree get gee ee ae YY Oe Se eee Pees eee eee 
ea fee 0. 8S 0. 56 F 4 ee ee es en Ne ee | a 
_ Sees Rene Seen ee) eee Fe Ue FE i dacetloccwvclewewsalacss ’ 
Means....../(1.33)| 1.05 | 0.82 0.75 0.66 | 0.58 | 0.52 | 0.46 | 0.43 (0.43))...... 
A. M. 
 o ae SiG + 8 I ORS) Ce eee Ee SMR Oe Aen epee 
Cicioewes SES . @ Bee een Re ee eee ee Fy 
Tasensstee SE IED Vs dace acGh nls sdbvalivudaGhitweeste cose dibaov cutsestaeletsnes 
a ee . Ses SS ee eee eee Sere ees ee LO | eee 
| Rae US RR ee ee eee Soe ee AAS AeA heeeae ae, iene 
RBsiebicces RE Vi4 ns clocks pulbwonbiloncbweledwed pitscscake sovslule ae cadbiakes 
: ee Sg) - |e 2 eee ee a ae ee See SN 
AS 1. 0 0.75 (0). 4 Ce S CEN Vib cincslceWesslacsountausd ds 
Pi cechavs« 1.47 | 1.335 | 1.24) 1.16 | 1.10 }..... OS Te er, ee ee ee 
| EEE Shae EAE ; 0.98 | 0.89 O81 
_ ES ee 1.39 | 1.2 1.13 1.0. 0.98 | 0.93 | 0.88 | 0.83 |....../...... 
SPP 1.32 | 1. 21 Le 0.99 | 0.86 | 0.80 | 0.74 | 0.68 | 0.63 |......).... 
ee L. 2 1. 09 ee Se Seen oa PS Tyee, re ee 
— .---| 1.20 | 1.10 | 1.01 | 0.94 | 0.8 i Ge ee 2 ee ee 
eee 1.42 (1.3 cae 1 Ree | ee Be ¢ Me 1 Io canchscvwecloncscex 
Means...... 1.32 | 1.21 | 1.11 |} 1.09 | 0.92 | 0.84 0.78 | 0.80 | 0.70 }......)...... 
P. M. 
 * eee Ree “$s Re. Oe ee ae eee eee Ae ere 
eee aaa DE Sh othe dle hb ie stad ban tlds vbw diswihe sis ss odabeneedeintndadebanens 
ee: ae eee Re 1 ee Bid as acu nealsesekblscededlesseealeneece 
ee ee RGR HERO IT NTO I ha ete calc col vay ns dime dns duspawulcpamso 


TABLE 2.—Radiation intensities at Mount Weather, Va., expressed in 


scale readings of the Callendar horizontal recording pyrheliometer. 


Sun’s zenith distance. 


Date. 
19.2° | 48.3° | 60.0° | 66.5° 70.7° 73.6° 75.7 77.4° 
SOLAR RADIATION. 
1914. (Scale divisions.) 
A. M. 
ae 36.6 22.8 13.6 7 6.0 4.7 2.9 2.5 
) 34.0 20.1 11.9 7.6 4.9 3.0 2.0 1.6 
PU Wokvidcsccnncee 47.2 33.2 23.7 16.7 13.0 9.9 7.5 6.3 
SKY RADIATION. 
fs er 11.1 10.0 8.4 oan 6.3 5.3 5.2 | 5.0 
Ser 12.0 10.6 8.7 Y A | 6.1 §.1 4.6 | 4.0 
June 30...... cueoee 5.1 3.7 3.6 3.3 3.2 3.0 2.8 | 2.6 
TOTAL RADIATION. 
> =e 47.7 32.8 22.0 14.9 12.3 10.0 8.1 7.5 
en 46.0 30.7 20.6 14.7 11.0 | 8.1 6.6 5.6 
| eee 52.3 36.9 27.3 20.0 16.2; 12.9; 10.3} 8.9 
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The decrease in direct solar radiation was accompa- 
nied by an increase in diffuse sky radiation, as is shown 
by the Callendar pyrheliometer measurements given in 
Table 2. May 20 and 26 were smoky days, and June 30 
was an unusually clear day. There were practically no 
clouds on these three days before noon. The measure- 
ments were obtained as described and illustrated on pages 
139 and 140 of the current volume of this Review. 

The Callendar records indicate that from sunrise to 
noon on June 30 the sky radiation was 12 per cent of the 
total radiation, while on May 20 and 26 it was 32 per cent 
and 36 per cent, respectively. 

The skylight polarization, measured at a point 90° 
from the sun and in the same vertical circle, with the sun 
at zenith distance 60°, was 31 per cent on May 20, 26 per 
cent on May 26, and 63 per cent on June 30. 

It is no doubt due to the hygroscopic character of the 
particles constituting the smoke that its depleting effect 
on solar radiation was more marked during the morning, 
when the air temperature was low, than during the 
afternoon, when the air was warmer. 


PHOTOMETRIC MEASURES OF THE ZODIACAL LIGHT. 


By Maxwett HALL. 


[Dated Jamaica, W. I., June 5, 1914.]} 


1. In a former article on the zodiacal light it was 
stated that a few observations had been made of the 
intensity of the light at different distances from the sun, 
as compared with the light of the sky at the same zenith 
distance at places as free from stars as possible; more 
observations of this character were made this year 
between February 19 and April 26, 1914, when the 
appearance of the young moon in the west and the com- 
mencement of the ‘‘May rains” put an end to the series 
which included both the clearest nights and the greatest 
brilliancy of the eastern branch of the zodiacal light, as 
seen in the evening in the west. 

The reduction of the observations was commenced 
about the beginning of April, and although the measures 
forming any set were as a rule as uniform as could be 
expected, yet the resulting iluminations were discordant. 
However, by going through the original observations care- 
fully, by striking out two sets which should not have 
been made, and by giving weights to all the remaining 
sets, results were obtained sufliciently good to compare 
with theory. 

The instrument used was a dark-glass wedge about 44 
inches in length attached to the end of a small brass tube 
about 34 inches in length and an inch in diameter; the 
tube was, of course, blackened inside, with a diaphragm 
near the wedge end so that the field in looking through 
the other end was as much as 6° in diameter; this reduced 
the light of the sky at night to a circular patch apparently 
no larger than the full moon near the zenith. The sharp 
edge of the tube completely enclosed the eye, thereby 
cutting off all side light, and the wedge could be easily 
moved by hand; light was required to read on a scale 
the position of the wedge which gave extinction of the 
circular patch, and repeated readings were alternately 
taken of the zodiacal light at a certain point in its axis, 
and of the light of the sky about the same altitude as 
free from the brighter stars as possible. 


1 Bulletin, Mount Weather Observatory, Washington, 1914, 6, pt. 3, p. 69. 
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Let m and m’ be the magnitude of two stars at the 
same zenith distance, so that their reduction to the 
zenith is the same; let 7 and l’ be their light, and r and r’ 
their extinction readings on the wedge photometer; then 


m’ —m=c(r—r’) =2.5 log p> 
where c is constant for the particular instrument used. 
Thus 
log : =0.4c(r—r’); 

and by observations made of several pairs of stars it 
was found that 0.4¢=0.18. 

Let S, be the light of the sky at 30° or more above 
the horizon on an average fine dark starlight night and 


ry its extinction reading; let S be the light at any time 
and r, its reading; then 


log gn 0.18 (5—T,)- 
_ We shall take §, as unity and measure all such light 
in terms of S,. The corresponding value of r, was taken 
to be 5.7. 
Let Z be the illumination at any point in the central 
axis of the zodiacal light, reduced to the zenith, and let 


R be the reducing factor; so that : is the apparent 


light at the point in question and n+8 is the whole 
illumination of the field of view. We thus get 


L 
Rts 


S 


where r is the extinction reading of the zodiacal light. 
This may be written 


log (5+ 1) =0.18(r—r,), 


log =(0. 18(r—+,), 


L : ;, “ 
and we thus get Ry N, a known quantity. Finally, 
log L=log N+log R+log S_---- (1) 
For log R, Seidel’s table of the extinction of light 


by the atmosphere? increased by 4 is used; this gives 
the magnitudes of stars down to 3° or 4° above the 
horizon to the nearest tenth of a magnitude (using 
the Revised Harvard Photometry) by a highly refined 
method adopted at Kempshot, so that it is abschoteby 
correct for the present rough measurements, and, of 
course, log S=0.18(r,— 5.7). 

The observations and their reductions will be found 
at the end of this article as formed into groups at differ- 
ent angular distances from the sun. The following are 
the general results: 


Distance from sun. Light. 
a L. 
ee ee 7.2 +0.7 
jit RPO PAAR" 22S: 2.4 +0.3 
Tied cae saceceane 1.1 +0.1 
er en 0.7140. 2 
POG uate dam chat eee 0. 25+0. 03 
TOs deutdcaw dees 0. 42+0. 05 


It is, however, important that we should obtain Z 
along a line of sight as near the sun as possible, and the 


2 Phil. trans., London, 1873. Seidel’s table enlarged is given as Table 5 at the end 
of this article. 
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following observations, recorded in the former article, 
allow us to approach within 21° of the sun. 


Distance Elevation 
Date. from sun. above horizon. 
1912. a 

A | Eee ee eee Oy oer ore 20° = 
eS ee ee eee 24° 5° 
ES a ee ee ee 20° = 
(8, Soest FS, al -gealt miele Ee A tg 3° 
SS ee Se Pee, ee 21" 4°? 


On these and other occasions it was noticed that the 
illumination was fairly uniform from about 15° above 
the horizon down to near the horizon itself. But a 
point 35° from the sun would be 18° above the horizon 
when a point 21° from the sun would be 4° above; so that 


Light at 21° reduced to zenith F at 86° zen. dist. 


~ ? 
Light at 35° reduced to zenith R at 72° zen. dist. 


30 that Z at 21° is about 4 times the value of ZL at 
35°, or about 29. 

The observed breadth of the zodiacal light at 21° was 
32°, but the absorption of the atmosphere will have some 
effect on its breadth at the small alti tude of 4° above the 
horizon. If 0.2 be the limit at the extreme edge, light 
amounting to 1.5 has been extinguished at the edg ze, SO 
that the whole breadth has been 
diminished by about a tenth, and 
the true breadth is 35°. 

2. These results naturally lead 
us to theoretical considerations, 
and we shall now determine the 
law of density along the central 
plane of the zodiacal light which 
will give the same values of L as 
those found by observation, or 
rather, we shall show that this 
density varies inversely as the 
square of the distance from the 
sun. 

In figure 1, let the plane of the 
paper coincide with the central 
plane of the zodiacal light. Let 
S and £ be the sun and earth, 
and let P be any point along the 
line of sight EP. 

Taking the length SE as 
unity, let SP=r, EP=p, and let 
Z SEP=a, and Z SPE =>. 

Now considering a single sphe r- 
ical body at P, the illumination 
of the body would vary as 
> - oe; but when there are a 
"P, in the zodiacal_i ght? seer large number of small bodies 

from the earth, E, for large : . . ° 

values of a. their number in the field of view 

will vary as p’, and also as the 
density, or their number in an unit volume of space; 








and as this density is assumed to vary as m we get 
1+cos ¢ 
Illumination at P=k = 


where & is some constant. And M LI be the whole 
illumination along EP to the boundary of the zodiacal 


light, 2 
1 /1+c0s d 
L=k| ( ot )de 
eo : 


where 9, is the limiting length of o. 
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In order to integrate, change the independent variable 
from p to dé by means of the equations 
rsin d=sin @& 
osin d=sin (a+ 9), 
do sin @ 
_ = 


dd sin’*¢,’ 
Thus 
k ‘ Lcos d) sin?é dd: 
L=- 3 (1+cos d) sin’? dd; 
saJ, 


and integrating, 


r—@ 
= h5—4sin2¢6+4sin*d (2) 
~ gin wal 34 pr |, 


where ¢, is the limiting value of ¢ corresponding to g,, the 
Naitiogteehes of r being 2.1 according tothe former article. 

But when P is in opposition to the sun, «= 180°, or z 
in circular measure; and we must now t: ake r ‘as the inde- 
pendent variable; so that 


- “df Saif 
L at opposition -2k | = =" > | 
ea} ada 
or 0.59%. 


We have now to compute Z for the different values of 
a by means of equation (2), taking k=0.80 so as to suit 


the observed light at «#=35° and a=50° as nearly as 


possible. The following ‘s are the results: 

a ZL computed. 

A 27. 

35 6.6 

50 ae f 

75 © 

100 0.72 

155 0.49 

180 0.47 


The agreement between computation and observation 
is remarkable, and it proves the truth of 
the assumption as to the law of density. 
The computations are given at the end 
of this article. 

3. But as the distance r decreases 
there must be some limit to the density, 
and also to the illumination. We know 
that the light does not greatly increase, 
because it is not seen during total solar 
eclipses; nor is it seen during twilight. 

If we compute L for «a=10° we get 
L=240, heh 3 is far be yond the scope of 
the instrument described above, which 
can only measure up to L=13 or 14; 
and twilight photometry will require 
another instrument and a special inves- 
tigation. 

Let us now suppose that the striatum 
constituting the zodiacal light does not 
approach the sun nearer than r=0.358, 
corresponding to w=21°; the line of 
sight for . =10° now cuts the limiting 
circle (see fig. 2), and the integral for Z 
consists of two parts whose sum gives 
us only 13. 

This shows the great effect of the cen- 
tral condensation and the possibility of 
finding the interior limit of the zodiacal 
stratum at some future time. he, 5. nn 

The computations are given at the end zodiacal’ light, seen 


: from the earth, £, for 
of this article. smaller values of a. 











Ee 
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4. We have now to consider the apparent breadth of the 
zodiacal light as seen from the earth, and the thickness 
of the stratum of the particles composing it. 

With reference to the observed breadths at certain 
distances from the sun given in the former article p. 64, 
if we draw a curve through them as in figure 3 we can 


wo 
§ & 


BREAOTH (28) 





8 


- — on . 4 4 4 a | 
y 80° 70° 80° 90° 100° 110° 120° 130° 140° 150° 160° 170° 180° 
Fic. 3.—Observed breadths, 28, of the zodiacal light for different values of a. 


take from that curve the “observed” breadth at any 
distance from the sun, and thus get the following half- 
breadths, which we shall call £. 


a 8 
°o o 
21 174 
3) 15 
50 13 
75 10 
100 8 
155 6 
180 6 


In figure 1 draw SW at right angles to EP, so that 
SN=re=sin a, and EN=p=cos a; and let us consider a 
section of the stratum along the line EN by a plane at 
right angles to the paper. Let 2h be the whole thickness 
of the stratum at JN, so that h=p tan f. 

If we now combine 7, p, and h at w@=21°, 35°, and 50°, 
we come to the conclusion that the stratum has a curved 
surface so that his greatest when r is least, and so that 


4 — 0-115 
r 


The following are the computations: 


TABLE 1.—Computation of hr. 


a 8 r p h | Mr 
7 -|-— — 
° 0 | | | 
21 174 | 0.358 | 0.934 | 0.294 | 0. 106 
35 15 | 0.574 | 0.819 | 0.220 | 0.126 
50 13 | 0.766 | 0.643 | 0.148 | 0.114 
| Mean | 0.115 


We can go no further than a = 50°, for as a approaches 
and exceeds 90° the conditions entirely change; but we 
can find the relation between 7, 0, and A for any value 
of a and the corresponding f. 

Let r,, 0, h., have the special values which satisfy the 
given values of @ and §; then 


_ 0.115 
ee an 
and as 
_ sin @ sin (@ + ¢,) 
"fa “sin? by” 
we have 
sin(@+q@,) _ 0.115 
sin? d, sin @ tan ~’ 


an equation which can easily be solved by approxima- 
tion. 
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A small difficulty occurs for « = 180° because sin a and 
sin ¢, both vanish; but we have only to find the limiting 
value of 

sin @ sin (@+¢,) 
sin’d, } 

In figure 1 let 2 ESP=¢; then ¢,=z—(a@+4¢,); and 
the expression becomes 


sin @ sin (7—¢) | 


sin?(a+¢) ’ 
and putting ¢=0, and a=z, the limiting value is 1; so 
that r,o,=1; but as the tangent of 6° is 0.105, r,o,tan 2 = 
0.105; and the constant is 0.105 for this end of the curve, 
while we found 0.115 for the other end. 
Consequently we shall take the constant to be 0.110, 
and consider that the equation 


1, 0-110 (3) 


r 
is true for the whole series. The equation for ¢, is now 
sin(a+¢,) _—(0.110 
sin? d, — sin @ tan pf’ 
and the computations are here given. 








TABLE 2.—Computation of fo, ps, and hy. 
: 0.110 | 

3 sin a tan 2 pe T2 P2 h, 
° ° | ° / 

2] 174 | 0.974| 84 22) 0.360] 0.969 | 0.306 

35 15 | 0.716} 101 37 0. 586 0.701 | 0.188 

50 13 0. 622 91 33 0. 766 0. 622 | 0.144 

75 10 0. 646 70 =8) 1.027 | 90.608 | 0.107 
100 8 0.795; 51 10); 1.264] 0.619 | 0.087 
155 6 2.476; 15 12) 1612) 0.649 | 0.068 
180 91 Grdeu bene soa, 1.640 | 0.640 | 0.067 


Let us now take a section passing through the sun by 
a plane at right angles to the paper, as along the line SN 
produced in figure 1. In the Sallewing figure, which rep- 
resents the section of the northern half of the western 
branch, S is the sun, SA the central axis of the zodiacal 
light, M any point on the bounding curve LM; so that 
SN=r, and MN=h. 











Fia@. 4.—Section of the northern half of the western branch of the zodiacal light. S the 
=" the central axis of the zodiacal light, M any point on the bounding curve, 
Now, provided we do not approach the sun nearer than 
a =21° or r=0.358, the curve given by equation (3) prac- 
tically agrees with the conchoid of Nicomedes taking 
a=0.265 and b=0.326; this is the dotted curve in figure 
4 to distinguish it from the former continuous curve; 
and nothing could have been more useful than this con- 
nection if we had to approach the sun, which is more than 
a matter of doubt; but, on the other hand, the conchoid 
complicates the relation between A and r to such an 
extent as to be almost useless among forms for integra- 
tion. 
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Thus the polar equation of the conchoid is 
Radius =a sec 0+5; 


but retaining the former origin and rectangular coérdi- 


nates 
h=b cos 8, 
r=a tan 6+5 sin 6, 


r= (4) PHP 


and we shall continue to use equation (3) 

5. We must now consider the decrease in the density 
with the beight of any point above the central plane. In 
figure 4 take any point between N and M at a distance 

z from N; now we have found that the density at N 
varies inversely as 7, and we shall find that the density 
at the point above N further varies inversely as z, so that 


so that 


density at point 42 
density at N =A 


and we proceed to compute the illumination at such a 
oa as M on the boundary of the zodiacal light as seen 
rom the earth for the different values of @ and their cor- 


values of 2. 


responding 





: 8 


v a 


Fic. 5.—A section of the stratum along the line EPN of fig. 1, when a=21°and g=17}°. 
The line of sight cuts the surface at M. 


Figure 5 is a section of the stratum along the line 
EPN in figure 1, where a=21° and 8=173°; and it will 
be seen that the line of sight cuts the surface at M, so 
that in integrating along EM the limits are p, and ¢, cor- 
responding to N. 


i a ro tan 8 


‘Sehetet ST 


A i 3] at ) 
so that 1—+=1-—9.09 tan 7. wnat met A 
h sin’h 


and the former expression for L must be multiplied by 
; , Z 
this expression for is 


Let L, be the light along the line FN as far as N, and 
let L’ be the required light along E i then it may be 


easily shown that 
z—a 


— | sin 7(6+4 sin 2¢) |” 
4.54% tan 8 or oe a . 
+cos @ sin°@ (4) 


sin?a@ 


L’ =L,- 


—2cos (@+¢) ¢ 
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where the limits for Z, are of course also z—@ and 
The computations are given further on, and the resu ts 
are: 


a LT’ 
° 
21 0. 92 
35 0. 21 
50 0. 22 
75 0. 26 
100 0. 28 
155 0. 39 


L’ for «=21° is too large; L’ for ~=35° and 50° is 
quite correct according to observations made near @ = 155° 
where the band of light is very faint and without any 
distinct central condensation, as is also shown by the 
computed values of L and L’ for «=155°. 

There is no difficulty about L’ for #@=21°; a revision of 
this article would probably put it right. 

6. There are also other matters which should receive 
attention at some future time; the integrals for Z do not 
show the ‘‘gegenschein”’ or counterglow, the small effect 
of phase near the earth being effaced by the very great 
distances involved. 

Perhaps we should consider the reflection from a 
certain proportion of bright metallic particles, producing 
an effect similar to the ‘‘anthelion” [glory] which sur- 
rounds an observer’s head on a dewy lawn under well- 
known circumstances. 

Then there is the question of mass and possible small 
perturbations. Let m be the whole mass of the particles 
constituting the zodiacal light; then if D and j be the 
density and half the thickness at unit distance, and 
taking 2.1 and 0.3 as the limits of r, we have m=6zDh, 
nearly. 

And for the mass interior to the planets we have 


Interior mass. 


Mars 0.9m 
The Earth 0.8m 
Venus 0.7m 
Mercury 0.3m 


This shows that there is a very slight increase in the 
central attraction from Mercury outwards. 

Again, in the case of Mercury more particularly, the 
interior mass may be regarded as a ring at a certain dis- 
tance from each planet; and with a for each planet, e=0, 
1=1° 35’, Q=107°, we might estimate the secular per- 
turbations of the elements of each planet. For instance, 
if this ring within the orbit of Mercury was the disturbing 
cause of the motion of its perihelion which was required 
by Leverrier many years ago, the mass within the orbit 
would be about one-third that of Mercury, and therefore 
m would be about equal to that of Mercury itself. 
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TABLE 3. A.—The computation of L. 
p=r—a | $=, log 
| , - 3 i . - 3 | sin® @ 
4¢ | —tsin 2¢ +34sin?'¢ | Sum. ] 4¢ —}sin 26 +4sin?¢ | Sum. 
PR erate a A eam * eae 
° | ° / 
21 | 1.3875 | +0. 1673 | +0.0153 | 1.5701 | 9 50] 0.0858 | —0.0841 | +0.0017 0.0034 | 1.2401 | 27. 
35 | 1.2654  +0.2349 | +0.0629 1.5632 | 15 51 | 0.1383 | —0.1314 | +0. 0068 | 0.0137 || 0. 6273 6. 6 
50 | 1.1345 | +0. 2462 | +0.1499 1. 5306 | 21 24/ 0.1868 | —0.1699 | +0.0162 0.0331 | 0. 2503 2.7 
75 | 0.9163 | +0.1250 | +0.3004 | 1.3417 27 23 | 0.2390 | —0. 2042 | +0.0324 | 0. 0672 | 1. 9483 1.1 
100 | 0.6981 | —0. 0855 | +0.3183 0.9309 | 27 58 | 0.2440 | —0.2071 | +0. 0344 | 0.0713 | T. 9231 0. 72 
155 | 0.2182 | —0. 1915 | +0.0252 0.0519 11 37 | 0.1014 | —0.0986 | +0.0027 90.0055 | 1.0253 0. 49 
B.—The computation of Ly. 
ae ee i ES ae _— 7 I | 
p=nr—-a p= $2 | , 
0: | 
ed | | | 2 ; ; ea =e ees L | L, 
| 4d —isin2¢ | +4sin?¢ | Sum. 4d —tsin2¢ | +4sin?d | Sum. | sin*a 
Sess Bee cS Sees eee TP PS ie = 4 le Re owe 
° | | | ° / | | 
21 | 1.3875 | +0. 1673 | +0.0153 | 1.5701 | 84 22 | 0.7362 | —0.0488 | +0.3286 | 1.0160 | 1.2401 | 9. 632 
35 | 1.2654 | +0.2349 | +0.0629 1.5632 101 37 | 0.8868 | +0.0986 | +0.3133 | 1.2987 | 0.6273 | 1.121 
50 | 1.1345 | +0.2462 | +0.1499 | 1.5306 | 91 33 | 0.7989 | +0.0135 | +0.3330 | 1. 1454 0. 2503 | 0. 686 
75 | 0.9163 | +0.1250 | +0.3004 | 1.3417 | 70 8 | 0.6120 | —0.1598 | +0.2773 | 0. 7295 | 1.9483 | 0. 544 
100 | 0.6981 | —0.0855 | +0.3183 | 0. 9309 | 51 10 |) 0.4465 | —0. 2442 | +0.1576 | 0.3599 | 1. 9231 | 0. 478 
155 | 0.2182 | —0.1915 | +0.0252 | 0.0519 | 15 12 | 0.13827 | —0. 1265 | +0.0060 0.0122 | 1.0253 | 0.421 
at SIS Dee ee i ke: RE 2 | | | 
C.—The computation of L’. 
| eed ai) rey wees tee. P | 
| pana d=¢: | 
log 
~~ by | 4.54ktan 8 / 
sin @ X 0s @ X sean k : sin®™X | cos@aX | : : | sinta | 
| (p+4sin2¢) : ain?'gd |~* °° (e+) Sum. (p+4sin2¢) sin? i SORLOER, FPR | 
21 0.874 +0. 120 +2 2.994 | g4 99 0.563 | +0.925 | +0. 530 2.018 | 0.9502 | 0.92 
35 1.182 | +0.270 +2 3.452 101 37 0. 904 | +0.786 | +1. 454 3.144 || 0. 4710 | 0.21 
50 | 1.361 +0.377 +2 3.738 | 91 33 1.203 | +0. 642 | +1. 566 3.411 | 0.1551 | 0.22 
75 | 1.529 | +0. 242 +2 3.771 | 70 08 1.491 | +0.229; +1.641 3.361 | 1.8366 | 0.26 
100 | 1.543 —0. 168 +2 3.375 || 17 10 1.360 | —0.105 | +1.752 3.007 | 1.7213 | 0.20 
155) 0.346) —0. 162 +2 2.184 | 15 12 0.219 +1. 971 2 


a=10°: dy 


— 0. 062 | 


D.—The two computations of Li for «=10°. 


=—4° 45’: dp’ —151° 0’: p”’ =29° 0)’. 
SP =SQ=0.358 (see fig.2,p.312.) F=—“—; 


sinta@ 


na $y ¥ | 


log F=2.1841. 








? 
al io, ie fe —| L=F (1.50708—0.0003) _.....-....... =240. 
PP ss--.: +1.4835 ) +0.0414 | +1.3177 | +0. 2531) Light along EP = F(1.5708 —1.5677).... = 0.47 
~4 sin 26 +0. OS55 0.0413 | +0.2120 | —0. 2120 Light from Q outwards= F(0.0791— 
+4 sin? d...-| +0.0018  +0.0002 | +0.0380 | +0. 0380 Re an her at aan = 12.04 
Sums...; 1.5708 | +0.0003 | +1.5677 | +0.0791 | tet ig Fe tat ita ar ut ue 
: Bse2e—14—2 —t™ - Sw Bet ae 2 ge 











nonce nent al ON SRC a LR 


Cn eee Nt tt 











316 


MONTHLY WEATHER REVIEW. 





1914 


JUNE, 


TABLE 4.—Photometric measures of the Zodiacal Light in Jamaica, W. J. 














Dist. from! | Zenith | | 
Sun | L S Tr Ts distance. | Date (civil time). | Weight. | Notes. 
a | | z. } | | 
cases . te ew (ieee: pnereieas ae cart =a & E 
. | ° | 
a 3.6 (1) 8.6 (5.7) 67 | 1912, AS err | 1 || Starlight not obs. near Z. L. Light of Z. L. suddenly increased. 
_ bape 5.7 (1) 9.0 (5.7) dh De he et eee 1 || Starlight not obs. near Z. L. 
_, eee 6.6 1.4 9.1 | 6.5 PR Be a ae” FP a eee 2 || Night poor. 
a 3.2 0.9 7.4 | 5.4 AE Sy eS Ss ) eee 2 || Recommenced observations. 
=e" 5.6 0.9 8.5 5.5 2 SS SS a 2 || Recommenced observations. 
_ ee 3.8 0.7 7.2 4.7 §o fe Se De 1 || Starlight suddenly increased. 
_ ae 12.3 1.1 9.4 | 6.0 OO h RN BENy Bey PAO Dine ois inccnvvcocces 2 || Starlight not sufficiently observed. 
_, BRE 9.0 1.8 9.9 7.1 he 0 6 oD eee 3 || Starlight brilliant. 
BPs owe nae 9.1 1.5 10.0 6.7 75 | ek S| a eee 3 || Starlight brilliant. Fine display. 
1.5 (1) 7.7 (5.7) 55 | 1012, Bent. 10, 4:30a................. 2 || Starlight not observed. Very clear. 
2.0 (1) ef (5.7) G7 | SOEs, Cems. 10, 4:00 GB. ... 2.0 occ ccce.. 2 || Starlight not observed. Very clear. 
2.2 0.8 7.2 5.3 76 | 1912, Sept. 10, 8:00 p...... SORT es 3 
S 0.7 6.8 4.7 55 | 1912, Sept. 15, 4:00 a................- 1 || Starlight not observed near Z. L. 
5.4 1.3 9.0 6.3 we) Bk se <P eens 2 
4.4 1.1 8.6 5.9 Be ke) Ce fee 3 || Very clear, fine display of the Z. L. 
0.8 1.3 7.2 6.3 ee a OS ee 2 || Very clear, but poor display. 
1.3 0.8 | 7.0 | 5.0 | OD.1 BOER, BOM Be, BOO Dec cccccccccesse 2 || Very clear, fair display. 
0.9 0.9 | 6.8 5.4 | en Bae A DS eee 2 || Very clear, poor display. 
1.2 0.9 72 5.5 COR SN 8. 2 || Very clear, poor display. 
4.0 1.1 8.5 6.0 | tS U4 eae 2 
2.3 1.1 8.0 6.0 | eS Ss 4 |) ae 2 
3.0 (1) 8.2 (5.7)| ee 8) eee 1 || Starlight not properly obs. 
aoe 1.7 1.3 8.2 6.3 |) 1 || Observation poor. 
ee 0.7 | (1) 7.0 (5.7) Pe ee ee. eee 1 || Starlight observation much too low. 
_ See 1.0 Bl 7.3 5.9 GD} Eile, COR. Be, SUS... no cccccenccecs 3 | 
ee 1.3 0.9 7.3 5.4 be hee 8) eee 3 || 
- ae 1.0 1.0 7.3 5.7 | seis: er. 1, FD... ....~.5.2000<. 3 || 
89. 0.8 1.2 7.2 6.1 | ey 1 Bias BIO, Gy, BOD. oon a cvnccacecciécs 3 
a 1.7 1.4 8.2 6.5 | _2e % 4 }. | eee 2 | 
ea 0.5 1.1 6.8 5.9 ee et 4 Sy. | 3 Starlight brilliant. 
_ eee 0.5 1.8 7.6 |  & F ee! OS 8 ee 3 || 
__ Samrat 2.0 1.2 8.4 | 6.2 eR SS eee 1 || Much light in sky below Sagittarius. 
_ Se 0.1 1.6 7.0 | 6.8 | ob i Os 6 occcnvibeseu wes 1 || Near zenith, difficult to observe. 
- 0.9 | 1.1 7.4 6.0 28 | 1914, Apr. 26, 9:00 p................- 3 || 
Ce 0.1 0.6 | 4.8 | 4.6 ae ft Reie, Fe ok, S00 R. 5.0555. 2555- 1 || After dawn very thin cir. str. was seen about the sky. 
_ _ RE 0.2 1.3 6.6 | 6.3 | 20 | 1912, Sept. 23, 3:50 B............2008- 3 
__ eee 0.1 0.9 5.6 | 5.4 | 73 | 1914, Mar. 28, 3:2 1 || Too low. 
aes: 0.2 1.6 | 7.0 | 6.8 | ie 8 es Se, es EEL. « cccnceddcwe 2 | Starlight brilliant: Z. L. rather low. 
ee 0.2 1.1 6.3 | 5.9 | a ee a SS eee 3 || Starlight brilliant. 
| eR 0.5 1.7 7.4 7.0 | SS fF TORS, BOT, B0, SOD. wc cccencnsses 3 || Long series of readings. 
=e j 0.2 1.2 |} 6.5 6.2 | he ee 2 
_ eee 0.3 1.6 7.2 6.8 | ee a Ae | eee 3 || E branch. 
SP isesies 0.2 1.4 | 6.9 6.6 ee SS, Sn oer 3 || W branch. 
:, y 0.4 (1)| 6.3 | (5. 7) 60 | 1912, Sept. 10, 4:20a..... 1 || Starlight not observed. 
J 0.4 0.5 | 5.5 | 4.2 be. et = SY 3 
: 0.7 0.7 6.2 4.7 56 | 1912, Sept. 15, 3:30 a....... Sameer 3 || Gegenschein bright and extends 20° along ecliptic. 
ee 0.6 1.3 } 7.1 6.3 ee SS eee 3 || 
, ee 0.4 1.2 6.8 | 6.2 ae: BS is SD ee 3 
ee 0.2 1.2 6.6 6.2 Be ht Ue, Oy BING. oo oineevssiccese. 2 || Few observations, clouds came up. 
> ers 0.5 1.1 6.8 6.0 a BO SS ee 3 
a) eee ; 0.1 1.2) 6.4 6.2 pe ae ee ee 3 





TABLE 5.—Seidel’s table of the extinction of light by the atmosphere, 
increased Yé 





, log . | log | ¢ log » log 
‘ i] ; 

° _ 4 | b ° : | is ra ° os ; oi ig | } 
| 13 | 0.000 | 32 | 0.010 |} 51 | 0.057 |} 70 | 0.223 | 
| 14 1 |} 33 12 |} 52 | .062 || 71 | .238 | 
| 15 1 || 34 13 || 53 | .067 || 72 | .254 | 
| 16 1 || 35 14 || 54 072 || 73 | .272 | 
| 17 1 || 36 15 | 55 | .078 || 74 | .291 | 
| 18 2 37 | 16 | 56 | .084 || 75 | .313 | 

i9 ‘+a iv 57 | .090 76 | .336 
20 3 39 18 58 | .097 77 | .361 
2] 4 40 20 | 59 . 105 78 | .389 | 
22 4 4] 22 60 | .113 79 | .419 
23 5 42 24 | 61 | .121 80 | .453 | 
24 5 43 | 27 62 | .130 81 | .499 | 
25 6 44 30 | 68 | .141 82 | .565 | 
26 6 45 33 64 | .152 83 | .641 | 
27 7 46 | 36 65 | .163 84 | .719 
28 7 47 40 66 | .175 8 | .798 | 
29 g 48 | 44 67 | .187 86 | .880 | 
30 8 49 48 68 . 198 87 |(0. 964) | 
31 | 0.009 50 | 0.052 69 | 0.210 88 |(1. 048) | 


[Some observations on the zodiacal light, made by 
M. J. Donovan at Vicksburg, in February, 1914, and 
others by William E. Barron, also at Vicksburg, were 
referred to Mr. Maxwell Hall, and the following com- 


ments by him show how much good work can be done 
by those interested in this subject. We hope that other 
observers who are favorably situated will take an inter- 
est in this class of observations, as it is evident that 
such observations must be of great value.—c. A.] 


DONOVAN’S OBSERVATION OF THE ZODIACAL LIGHT, 
1914, JAN. 27, 8:45 P. M. 


NOTES ON MR. 


[Dated Jamaica, W. I., June 22, 1914.]} 


Drawing a line between a Arietis and @ Ceti we find 
that the point on the central axis of the zodiacal light was 
in longitude 39° with a latitude of 4° S., and that its 
breadth was 20°. Now the sun’s longitude was 307° at 
that time, so that this observation gives us: 


Long. 39° 

Lat. — 4° 

Distance from sun 92° 
sreadth 20° 


According to Montaty Weatuer Review, March, 
1906, p. 4, Table 5, for long. 39° the corresponding 
lat. is —14°; so that the above observation is as nearly 
correct as possible. 

Again, according to Bulletin of the Mount Weather 
Observatory, v. 6, pt. 3, p. 66, Table 4, or above figure 3, 
page 313, the breadth at 92° from the sun is 18°; so 














June, 1914. 


that the above observation is again as nearly as possible 
correct. 

A few more of these observations made at different 
times of the year would have a high value.— Mazwell 


Hall. 
NOTES ON MR. BARRON’S OBSERVATION OF THE ZODIACAL LIGHT. 
[Dated Jamaica, W. I., June 22, 1914.] 


If Mr. Barron were to procure a food set of maps and 


to note the position of the zodiacal light among the stars 
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on a dark star-light night the observations he has made 
clearly show that his work would be of great value. He 
should observe as high above the horizon as possible to 
avoid the luminosity of the atmosphere near the horizon, 
which mingles with the zodiacal light and plays all kinds 
of tricks. Seen at its best the zodiacal light is a long 
tapering cone not more than 32° broad at its base, per- 
fectly uniform and steady in figure and light; and if 
Mr. Hatton were to start upon these lines he would soon 
become an expert.— Mazwell Hall. 
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SECTION I.—GENERAL METEOROLOGY. 


THE DISTRIBUTION OF SNOWFALL IN CYCLONES OF 
THE EASTERN UNITED STATES.’ 


By Cuar.es F. Brooks. 
[Dated, Harvard University, Cambridge, Mass., June 12, 1914.] 


The distribution of snowfall in cyclones may be studiec 
in a general way with weather-maps, but more in detail 
with the original reports of the coéperative observers of 
the Weather Bureau in addition. Through the kindness 
of Mr. P. C. Day, Chief of the Climatological Division of 
that bureau, the writer was enabled to examine the orig- 
inal records for the eastern United States covering two 
snowstorms, February 10-14, 1899, and February 20-23, 
1912. In charting the snowfall for each day of these 
— many of the observations could not be used 

ecause the snowfall had been recorded only for the 
storm as a whole. However, these records were em- 
ployed in drawing the charts of the total snowfall of 
each storm reproduced as figures 6 and 11. The daily 
snowlall records are homogeneous to the extent that 
the observations were generally taken within two or 
three hours of sunset each day. On account of the 
strong winds accompanying the two snowstorms, the 
snow was badly drifted and packed in many places, thus 
rendering the observations subject to large local errors. 

However, the use of 800 to 1,000 stations for each storm 
in preparing the charts, probably eliminated many such 
irregularities. These storms will be discussed in detail 
after a general consideration of cyclones and snowfall. 


Cyclones and snowfall. 


In winter most of the precipitation of the eastern 
United States is produced chiefly by the forced ascent of 
converging winds about the centers of cyclones: 
Loomis (1) found that the centers of the precipitation 
areas of cyclones generally lie near the center and on the 
east side or front of the cyclone. On this side the winds 
are rising more strongly than behind, for the cyclone, 
moving as a wave, meets the winds in front and draws 
away from those behind. Mr. W. G. Reed, in a study 
of the cyclonic distribution of rainfall in the United 
States (2), found that the area of heaviest precipitation 
usually occurred on the side of the cyclone track which 
was nearer a large source of moisture. Thus, in the 
eastern United States, the combined effect of the motion 
of the storm and the positions of the Great Lakes and 
Atlantic Ocean ceaely locates the region of greatest 
precipitation in the northeast quadrant of cyclones. 

With proper temperature conditions the previously- 
mentioned distribution of precipitation applies to snowfall. 
Active condensation taking place below 32° F. forms snow 
crystals, which reach the groundif they are net entirely 
melted or evaporated on the way. Mr. W. A. Bentley of 
Jericho, Vt., has made a great many photomicrographs 
of snow-crystals (3). He classified these not only accord- 
ing to form but also on the basis of their cloud associa- 
tions and the cyclonic quadrant in which they occurred. 
The two principal forms of snow-crystais are the tabular 
and the branching, stellate forms. The former seem to 











! This work was presented as part of the requirements for the degree of Doctor of Phi- 
losophy in Climatology at Harvard University, May, 1914. 





be associated with the upper clouds and the latter with 
the lower ones. Perfect crystal forms occur most fre- 
quently in the west half of the cyclone. In the east half 
broken and unsymmetrical forms are produced by tur- 
bulent winds and melting. Many flakes passing through 
clouds of undercooled liquid drops become coated with 
granular ice and fall to the earth rapidly. A similar 
heaviness is produced when snowflakes partly melt in a 
warm stratum and freeze in a cold layer of air. In the 
center of acyclone all forms may occur. 

Turning now to snowfall amounts, in the region of the 
warm southerly winds on the southeast side of a cyclone, 
heavy snowfall does not usually occur. Thus snowstorms 
in the eastern United States are generally confined to the 
northwest halves of cyclones. The heaviest snowfall 
occurs as near the center and as much to the northeast as 
temperatures permit. Any melting of the snow in the 
air or on the ground reduces the apparent depth of snow- 
fall. So the greatest depth of snowfall is not necessarily 
reported from the region of greatest precipitation in the 
form of snow, but generally from farther north where 
with perhaps less precipitation the snow-cover formed 
was less dense. 

This cyclonic distribution of snowfall is strongly 
modified by local topography. Winds blowing from 
water to land in winter are cooled in several ways: (1) 
by radiation to the cold land—or snow—surface; (2) by 
mixture with cold air; (3) by expansion in forced ascent, 
when friction diminishes the wind velocity and when the 
winds are forced to rise with increasing altitude of the 
land. Such effects tend to intensify cyclonic snowfall or 
to cause snowfall beyond the limits of the precipitation 
produced by cyclonic action. Thus, the immediate 
eeward shores usually have more snow than areas a short 
distance inland. The expansion of air rising on the 
windward sides of mountains also augments cyclonic 
snowfall. The warming by compression as the wind 
descends on the leeward sides has the opposite tendency. 


Snow storm of February 10-14, 1899. 


The two snowstorms shown on the appropriate weather- 
maps and the accompanying charts are intense examples of 
the usual distribution a fame ct in wintercyclones. The 
storm of February 10-14, 1899 was preceded by very 
cold weather over the central and northeastern United 
States. As a result of the strong temperature gradient 
between the Central States and the Gulf of Mexico, a 
convectional circulation was established in which a 
cyclone gradually developed. This cyclone moved from 
Florida northeastward, sweeping the entire Atlantic 
coast with its northwestern half. On account of the 
accompanying low temperatures, the precipitation was 
mostly snow. (See the Daily Weather Map of the 
United States for the dates in question.) 

Figure 1 shows the snowfall from sunset February 9 to 
sunset February 10, 1899. The snowfall indicated in the 
Lake region was locally produced by the on-shore winds 
from the Lakes. That of the central Mississippi and 
lower Ohio valleys was probably the result of weak cy- 
clonic action. The snowfall of the Gulf States occurred 
in the southern convectional circulation. The next day 
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Fic. 1.—Snowfall over the eastern United States from sunset on February 9 to sunset on February 10, 1899. (Depths in inches.) 
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Fic. 2.—Snowfall over the eastern United States from sunset on February 10 to sunset on February 11, 1899. (Depths in inches.) 
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1G. 3.—Snowfall over the eastern United States from sunset on February 11 to sunset on February 12, 1899. (Depths in inches. 
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Fie. 4.—Snowfall over the eastern United States from sunset on February 12 to sunset on February 13, 1899. (Depths in inches. 
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Fie. 5.—Snowfall over the eastern United States from sunset on February 13 to sunset on,February 14, 1899. (Depths in inches.) 
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FIG. 6.—Total snowfall over the eastern United States for the storm of February 10-14, 1899. Two maxima of 44 inches each occurred in south-central New Jersey and in 
southeastern Pennsylvania. (Depths in inches.) 
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Fic. 7.—Snowfall over the eastern United Statesjfrom sunset on February 19 to sunset on February 20,1912. (Depths in inches.) 
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Fig. 8.—Snowfall over the eastern United States from sunset on February 20 to sunset on February 21,1912. (Depths in inches.) 
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Fia. 9.—Snowfall over the eastern United States from sunset on February 21 to sunset on February 22,1912, (Depths in inches.) 
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Fig. 10 


Snowfall over the eastern United 





tes from sunset on February 22 to sunset on February 23, 1912. The fall over Lakes Huron and Michigan shows the advance 
of another cyclone. (Depths in inches.) 
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Total snowfal) over the eastern United States for the storm of February 19-23, 1912. The belt of maximum fall is 150-200 miles north of the track of the Low center 
(Depths in inches.) 
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(figure 2) the snowfall in the south was interrupted during 
a temporary rise of temperature, but that in the Ohio val- 
ley increased in intensity as the pressure fell. By the 
morning of the 12th, the southern cyclone had appeared 
and in connection with it, snow was falling over a large 
area (figure 3). The snowfall as it began-over the Middle 
Atlantic States is described as having come from a hazy 
sky. No. 405 of Mr. Bentley’s (4) photographs of snow 
crystals shows the small tabular snow-crystals which fell 
in Jericho, Vt., on February 13, 1899 (5). As the cy- 
clone increased in strength and moved up the coast the 
snowfall area became more localized and the snowfall 
heavier (see U. S. Daily Weather Map, February 13, 8 
a. m., and figure 4). By February 14 at 8 a. m. the cy- 
clone had advanced to Nova Scotia and snow had stopped 
falling over most of the eastern United States, as is evident 
from figure 5. 

Figure 6 shows the distribution of the snowfall of the 
whole storm. . Two maxima of 44 inches each occurred in 
south-central New Jersey and in southeastern Pennsyl- 
vania. Depths of more than 30 inches were reported from 
southeastern Massachusetts, eastern Pennsylvania, Dela- 
ware, eastern Maryland and northern Virginia. Thus, 
the snowfall was at a maximum where the strongest pres- 
sure gradient occurred and where local topography had 
the greatest cooling effect on the snow-bearing winds. 
The distribution of snowfall in this storm is characteristic 
of the northeast snowstorms of the Atlantic coast,—the 
heavy snowfall being generally confined to a belt about 
200 miles wide along the coast. 


Snowstorm of February 20-23, 1912. 


The snowstorm of February 20-23, 1912, attended a 
well-developed elliptical cyclone which moved in a nearly 
straight path from the western Gulf States to the Gulf of 
St. Lawrence. In front of the cyclone was the character- 
istic sirocco with heavy rain and thunderstorms; in the 
rear followed the cold-wave with snow/flurries, and on the 
north, was the heavy northeast snowstorm. The iso- 
therm of 32° F. passed in a general northeast-southwest 
direction through the center of the cyclone, dividing the 
rain- from the snow-area. Far in front, with the’ usual 
southward bend of the 32° isotherm, the snowfall area 
(figure 7) extended south of the track of the center of the 
cyclone. Nearer the center, rain fell. (See U.S. Daily 
Weather Map for February 21, 1912, 8 a. m.) 

The snowfall chart for February 21 presented in figure 
8 shows the large southward extent of the light snowfall 
of west-wind snow-flurries. Figure 9 for the next day 
shows this area farther east. The central Appalachians 
are marked by heavier snowfall on the windward side 
and none on the leeward. Likewise the western Adiron- 
dacks had more snowfall than the eastern: this was the 
reverse of the conditions of the day before, when an east 
wind was bringing the snow. On February 23 (fig. 10) 
the west winds of the eastern Great Lakes made heavy 
snowfall on the leeward shores and mountains. Around 
Lakes Huron and Michigan, snowfall with southerly 
winds was beginning with the advance of another cyclone. 

Taking the storm as a whole (fig. 11), the snowfall, 
although patchy, occurred in belts as was the case in Feb- 
ruary, 1899. The belt of maximum snowfall was, on the 
average, 150 to 200 miles north of the track of the center 
of the cyclone. In this belt the heaviest snowfall, 30 
inches, occurred on the west shore of Lake Huron, most 
of it falling on the 21st with the easterly gale. The next 
heaviest snow, 24 inches, fell on the southeast shore of 
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Lake Michigan with a north and northwest wind (6). 
Thus, both areas of maximum snowfall were located 
where cyclonic and local effects made the strongest 
combination. 

SUMMARY. 


As illustrated by the great snowstorms of February 
10-14, 1899 and February 20-23, 1912, the distribution 
of snowfall in cyclones of the eastern United States is 
controlled by cyclonic action, temperature, topography 
and proximity to large sources of moisture. This dis- 
tribution is roughly as follows: 

1. The snowfall is spread over a wide territory on each 
side of the track of the cyclonic center. 

2. The heaviest snowfall comes with northeast winds 
and occurs in a belt about 100 to 200 miles north of the 
track. 

3. The northwest winds in the southwest quadrant 
sprinkle light snowfall over the country to a distance of 
about 300 miles south of the track of the center of the 
cyclone. 

4. The effects of local topography and geography 
make the distribution of snowfall patchy. 

The writer wishes to acknowledge the courtesy of Mr. 
R. H. Weightman of the Forecast Division, U.S. Weather 
Bureau, in sending tracings of some of the 8 p. m. weather 
maps. 
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ON THE INFLUENCE OF THE DEVIATING FORCE OF THE 
EARTH’S ROTATION ON THE MOVEMENT OF THE 
AIR.(1) 


{Communicated to. the International Meteorological Congress at Chicago, Hl., August, 
1893.}! 
i 


By Dr. Nits Exuowm. 


(Dated Statens Meteorologiska Centralanstalt, Stockholm, 1893. Revised by the 
1uthor, June, 1914.) 


I. ON RELATIVE MOTION IN GENERAL, 


Let there be a system of material particles or points at 
which observers are stationed: the earth’s surface con- 
stitutes such a system. An observer at one point of this 
system can detect a motion of the other points only by 
means of the changes in their mutual distances and direc- 
tions and will thus conclude that the whole system is at 
rest. This perception of motion among the particles of a 
system is called relative motion. 

" Now suppose the whole system of material particles to 
include not only the earth but also the whole solar system: 
then all motions are considered as relative to this system, 
which as a whole is supposed to be at rest. 

If the system include the whole universe, then the latter 
must necessarily be considered as at rest. Since we have 
no more genera! system of points, therefore, motion rela- 
tive to the universe as a whole is the most general of which 


See MONTHLY WEATHER REVIEW, February, 1914, 42: 93. 
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we are able to conceive and may be called absolute motion. 
More strictly speaking, absolute motion may be defined as 
motion relative to a system at rest, but such a motion is 
only an imagination. 

In meteorological researches motion is generally con- 
sidered relative to the terrestrial system, and our present 
purpose will be to determine the general laws of such 
motion, 

The movement of a material system consists either of a 
translation or a rotation, or of both simultaneously. 
Translation takes place if the straight line joining any two 
points of the system always remains of the same length 
and parallel to itself; or, in other words, when all points 
of the system have simultaneously equal and parallel 
velocities and accelerations, although they may vary with 
the time. 

Now, with respect to translatory motion, we know from 
experience that the relative motion of the points in a sys- 
tem is quite independent of any motion of the system as 
a whole. Thus, an observer at any point in the system, 
unless he has a motionless point of reference outside the 
system, will be unable to detect the motion of the system 
as a whole; but, on the other hand, he will not need to 
know this latter motion in order to determine the laws of 
relative motion within the system. 

This is not true of rotatory motion, which is of such a 
character that a straight line joining any two points of the 
system is in general continually changing its direction. 
Now, suppose ali these connecting lines to be of constant 
length, then the system will be in relative rest, but the 
laws of motion of a point moving relative to the system 
will be essentially different from those for a nonrotating 
system. In fact, we will soon prove that in a rotating 
system the relative motions within the system will be 
governed not only by the true or absolute accelerations, or 
forces, but also by two apparent forces produced by the 
rotation of the system. 

Generally, the motion of a system is simultaneously both 
rotatory and translatory; but in all theoretical researches, 
in accordance with a well-known mechanical principle, we 
may suppose these two species of motion to take place 
successively and independently. For instance, we may 
suppose, first, that in any system the point M/ moves to 
its final position JM’ by means of translation only; and, 
second, that all other points of the system are brought to 
their final positions by rotating the whole system about 
M’. Also, since any translatory motion of the system 
does not influence the relative motions within it, we may, 
for the sake of simplifying the study of relative motions, 
imagine the system brought to rest by giving it a trans- 
latory motion equal and opposite to the actual translatory 
motion, 

With respect to rotatory motion, however, it may be 
that there always exists in a rotating system a series of 
points located on one and the same straight line that 
remains in the same position for at least an instant, thus 
forming an instantaneous axis of rotation. Generally, this 
axis is changing its position and direction with time, rela- 
tive to both absolute space and the rotating system. As 
to the terrestrial system, however, the change in the 
direction of the instantaneous axis of rotation is so 
extremely slow that its influence on relative motion 
within the terrestrial system may be neglected; also, the 
rotatory or angular velocity of this svstem is constant; 
and thus our investigations are very much simplified. 

In investigating the laws of motion of a particle we 
have to deal chiefly with its velocity and acceleration of 
motion, both of which are determined at any moment by 
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their respective magnitudes and directions, the latter of 
which may be either positive or negative. 

The laws of velocity are easily determined, for the 
absolute velocity is always the geometrical resultant of 
the velocity of the particle in its relative path combined 
with the velocity of the point of the system with which 
the moving particle at that moment coincides. The proof 
of this is given immediately by constructing the paral- 
lelogram of velocities. Similarly, we find that the rela- 
tive velocity is the resultant of the absolute velocity and 
the reversed velocity of the point of the system with 
which the moving particle is coincident. 

As to the earth’s motion, different parts of it, that is, 
different points in the terrestrial system, generally have 
different absolute velocities on account of the rotation; 
and accordingly we conclude that a particle moving rela- 
tive to the earth, since on account of its inertia it tends 
to maintain its absolute velocity, must generally tend to 
change its relative velocity with reference both to its 
magnitude and direction. This reasoning, if correctly 
followed, will lead to the exact determination of the 
influence of the earth’s rotation on the relative motions 
of the air. On the contrary, by means of an incomplete 
but very common deduction that considers only the 
changes of magnitude of the relative velocity, neglecting 
the changes of direction, we are lead to the old but inexact 
explanation first given by Hadley in 1735 (2), and after- 
wards reproduced by Dove and several other modern 
writers, especially in popular treatises. 

The complete and exact solution of this problem was 
first given a G. Coriolis in 1835 as a mat analytical 
deduction (3); but the first extended application of 
Coriolis’ theorem to air motions was made by Ferrel (4), 
and later by Guldberg and Mohn and others. 

Ferrel’s deduction, like that of Coriolis, is purely ana- 
lytical, and, as it seems, is an independent one. Guld- 
berg and Mohn (5) as well as several other later meteor- 
ologists, merely cite the required theorems as known from 
treatises on theoretical dynamics. The purely analytical 
deduction, although it is exact and general, is not so per- 
spicuous as a geometrical demonstration, and I therefore 
think it may be well to give here a perfectly rigid and 
general, and very simple proof of the theorem of Coriolis, 
probablv due to Delaunay (6), and so much the more as 
several elementary proofs, e. g. those of Sprung (7), and 
others, are neither rigid and general, nor simple. 


II. CORIOLIS’ THEOREM. 


Lemma. The acceleration of a mobile mass may be 
geometrically determined as follows: 

Let AB, figure 1, represent a part of the path that a 
mobile mass describes in the infinitely short space of 
time dt, and v its ve- 
locity at the point A. ro7 
lf there were no ac- 
celeration the mobile 
mass would, in the A — 
time dt, describe the c 





pom AC=vrdt, AC 
being tangent t» AB Fig. / 
at A. In order that 


it may come to the point B, there is also required a 


component of motion, CB, and to produce this a con- 
. 2CB . . 
stant acceleration, dp? must act during the time dt. 


Now, dt being infinitely small, the acceleration during 
this time is necessarily constant. 
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Coriolis’ theorem.—Now let AB, fig. 2, represent the 
absolute position in space at the time t, of the path of a 
mobile M, which we will suppose to be a particle of air 


te 
\ 


SY 





fig 2 


moving in the terrestrial system (8); A’S’ its position 
at the time t+dt; MM’ the position of the path of M 
relative to a fixed point in the terrestrial system; hence 
M M’ is an infinitely small part of a parallel of latitude on 
the earth. The point M of the terrestrial system will, by 
the earth’s rotation at the time ¢+dt, be carried to WM’, 
and, similarly, the whole path AB will have been trans- 
ferred to A’B’. Now, let v represent the absolute, and 
v, the relative velocity of the mobile M at the time t, and 
v, the velocity of that point in the terrestrial system with 
which M coincides at this time. By taking the points 
M, and M,’ in AB and A’S’, so that 


MM,’ = MM, =»,dt, 


then 4M,’ will be the actual position of the mobile at the 
time ¢+dt, and MM,’ the absolute path during the time d¢. 
But, according to the principle stated in Section 1, we 
may suppose the absolute motion from Jf to Jf’ per- 
formed as follows: First, let the earth receive a transla- 
tory motion, so as to carry AB to A,£,, then jf to A’, 
and M, tom. It follows that M’m is equal and parallel 
to MM,=v,dt.. Then let the earth rotate about the axis 
NM’S, parallel to the earth’s axis (in the figure JN is 
directed northward); therefore A,2B, will be carried to 
A’B’, and m to M,’, and thus they will come to their 
poeeer positions at the time ¢+dt. The path mM,’ will 
e an infinitely small are of a circle whose plane is per- 
pendicular to VS (also to the earth’s axis, and parallel to 
the plane of the earth’s equator), and whose center, z, is 
on NS. 
Let w represent the angular velocity of the earth, and 
y (=mM’S or M,’ M’S) be the angular inclination of the 
path of the mobile to the earth’s axis at the time t; then 
the angle of rotation, mx M,’ will be wdt, and the radius 
mz will equal v,dt sin 7. Hence, the are mM,’ =v, sin 
ydt*, or if for the sake of abbreviation we put 


P., = wr, Sin 7, (1) 
we will have 
_ 2m M,’ 
Pu= Ga 
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Let us draw at 1/ tangents to the curves AB and MM’, 
and on these take the lengths MC=v,di, and MD=v,dt, 
and complete the parailelogram J/CAKD; then the 
direction of the diagonal / A coincides with that of the ab- 
solute velocity v, and the length MA =vdtis equal. Now, 
according to the lemma, the absolute acceleration which 


, 2K M,’ 
we will represent by @ is equal to — ip 
: dé 
Also, since AF is equal and parallel to CM, the rela- 
, pee 2KF 
tive acceleration may be represented by 9,= Tp , and 


finally, /'m being equal and parallel to DM’, since M,F 
and JJ/,m are equal and parallel to 1D and MM’, respec- 
tively, the acceleration of the point in the terrestrial 
system may be represented by 

9 , 9 FF: 
gp, -20M _ 2im (2) 

dt? vu 
Now, according to the well-known theorem of the 
composition of forces or velocities, we see by inspection 
of the skew=skew quadrilateral KF¥m WM,’ [that is, a 
quadrilateral whose sides are not in one plane], that 
KM,’ is the geometrical resultant of KF, Fm, and m M,’. 
Since the same reasoning applies to any quadrilateral 
similar to KF'm M,’ and similarly situated, and calling to 
mind the mechanical significance deduced above for the 


> 
sides 9, Y,, P,, and P,, which are di 


p times the sides of 


the above quadrilateral, we have 
y =geometrical resultant of 9,, p,, and ~,; (3) 


that is, the absolute acceleration @ is the geometrica 
resultant of the relative acceleration @,, the acceleration 
P,, of the point on the terrestrial system, and the accelera- 
tion, ~,, defined by equation (1). This is Coriolis’ 
theorem, the meaning of which will now be more closely 
examined. 

The component of acceleration, 9, is called by Des- 
périoux complementary acceleration (accélération comple- 
mentaire); Coriolis himself less conveniently calls it the 
composed centripetal acceleration (accélération centripéte 
composée) and calls the acceleration in the opposite direc- 
tion, of which we will soon speak, the composed centrifugal 
acceleration (aécélération centrifuge composée). Accord- 
ing to equation (1) the magnitude of the complementary 
acceleration, P,, is equal to twice the product of the angu- 
lar velocity of the earth, w, into the projection of the 
relative velocity upon the equator plane (=v, sin y); and 
by inspection of figure 2 we find that since the direction 
of @,, including its sign, plus or minus, coincides with 
mM’, it is perpendicular to the relative path as well as 
to the axis of rotation, and acts in the same direction and 
with the same sign as the rotation. If there is no rota- 
tion (w=0), gy, will vanish, as in fact we know it must, 
since the motion is then a translatory one. 

On account of the simple rotatory motion of the earth 
we may easily deduce a general and simp!e expression for 
the acceleration, g,, of the point on the terrestrial system. 
Its direction and sign coincide with DM’, figure 2, and its 
magnitude is given by equation (2). We see from figure 2 
that DM’ is parallel to the equator plane and, as dt is 
infinitely onal, it is also perpendicular to the path MM’ 
and thus is directed inward toward the earth’s axis. 


Let us redraw this part of the figure in figure 3. Let 
M’L be tangent to WM at M’. Since the are MM’ 


= v,dt, is a part of 


a parallel circle of radius r,, we 
shall have 


M M’ _ v dt 


from which. we obtain, v,=7r,w. 


’ Ji. 
rw at, 
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Also the angle DL M’ formed by the two tangents at 
M and M’ is equal to wdt; and since in the infinitely nar- 


D 
tee 


— 


mM’ 
FIG. 


row triangle DI M’ the two angles at D and M’ may be 
considered right angles and therefore equal 


LD=LM' =L M=},dt=}ordt; 


also, the side DM’ may be considered equal to the arc 
DM’, the center of which is at L; consequently 


DM’ =DLwit=jo*rde = 422d0 
and thus by equation (2) ‘ 
P= ms ae a (4) 


Let 4 be the geocentric latitude and r the corresponding 
radius (9) of the earth; then 
r, =P cos A, 
and thus finally 
v 2 
P,=w"r cos A cen (5) 

@, is called the centripetal acceleration of the earth; it 
forces the parts of the earth to move in parallel circles 
around its axis instead of in straight lines in accordance 
with the law of inertia. The force required is taken from 
gravity, and therefore the remaining component of 
gravity, called apparent gravity, the only component that 
we are able to observe directly on the earth, is a little less 
than the absolute gravity, as that calculated by astrono- 
mers is called, and acts in a slightly different direction. 

In order to conveniently apply the theorem of Coriolis 
to meteorological phenomena, we must reverse it, as a 
closer inspection of the above-named accelerations will 
show. 

Among all these, the acceleration of the point in the 
terrestrial system, 9,, is the one that may be most easily 
and exactly determined, since it depends only upon the 
dimensions and motion of the ee and upon the geo- 
graphical position of the mobile, as is seen from equations 
(4) and (5). Next come the absolute accelerations 9, 
such as the absolute gravity, the gradients of atmospheric 
pressure, and friction. Generally these may either be cal- 
culated, or determined by experiment or observation. 
More difficult is the determination of the complementary 
acceleration Y,; it may be calculated, but only when the 
relative velocity v, is known, as will be seen from equa- 
tion (1); but v, may be determined by observation. 
Finally, for the relative acceleration, 9,, there is at pres- 
ent no method of experiment or observation to determine 
it, and no other method of calculating it than by means 
of Coriolis’ theorem. Thus in all meteorological re- 
searches @, is to be regarded as unknown in equation (3), 
which must be solved with respect to it. 

For this purpose let us draw in figure 4 the skew quadri- 
lateral ABCD, whose sides, AB, AD, DC, and CB, are 
equal to and have the same direction as 9, P,, P,, and 
P., respectively;? this quadrilateral is therefore similar 
and similarly situated to KFm M,’ in figure 2. 





2In figure 4 the side BC has been lettered gw» instead of p —EpiTor. 
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By inspection AD is equal to the resultant of AB, BC, 
and CD, as regards magnitude, direction, and sign. Now, 
AD=p9,, AB= 9, and BC and 
CD are p, and 9, reversed. 
Let the former be denoted by 
¢, and the latter by ¢, in re- 
spect to magnitude, direction, 
and sign; then 


9Y, =resultant of g,¢,and¢, (6) 


This theorem, which is only 
another form of Coriolis’ the- 
orem, when referred to relative 
air motion, by putting force 
instead of acceleration propor- 
tional to the relative motion, 
and hereafter representing the 
relative velocity simply by v, may be expressed in words 
in the following manner: 

The external impressed forces, Pr, which accelerate an air 
particle have the following components: 

1. The absolute impressed forces, Pp (absolute gravity, 
pressure gradients, and friction) . 

2. The centrifugal force of the earth, ¢,, at the geographical 
point of the particle, ¢,, being equal to w’r cos A, meeting the 
earth’s axis perpendicularly, and acting outward. 

3. The deviating force, , which is equal to 2wv sin 7, is 
parallel to the equator plane and perpendicular to the path 
of the particle, and acts in a direction opposite to that of 
the earth’s rotation. 

We call to mind that w is the angular velocity of the 
earth and r the radius drawn from its center to the par- 
ticle, 4 the geocentric latitude of the particle, and 7 the 
angular inclination of the path of the particle to the 
earth’s axis. 

The two forces ¢, and ¢ are called enews external 
impressed forces; these having been introduced into the 
equations of dynamical meteorology, we may treat at- 
a motions according to the usual mechanical 
methods, quite as if the earth were at rest. The great 
advantage of this method of treatment is evident from 
the fact that the earth seems to our immediate perception 
to be at rest and consequently the air motions to be abso- 
lute motions. Therefore, since Coriolis’ theorem affords 
a quite exact method of treating the meteorological phe- 
nomena according to our natural perception of them, it 
is of the highest importance to meteorological science. 
In fact, this method has already been generally accepted; 
but certainly in an incomplete manner, as several com- 
ponents of forces have been neglected at random without 
determining the errors thereby introduced. 





Fig. 


See footnote. 


Ill. APPLICATION OF CORIOLIS’ THEOREM TO DYNAMIO 
METEOROLOGY. 


First, the centrifugal force ¢, may be very briefly 
treated, for as has already been said this force and the 
absolute gravity form the two components of the appa- 
rent gravity. Under the action of this force the earth’s 
once fluid sphere has taken the form of an oblate spheroid 
whose surface, being at all points normal to the direction 
of apparent gravity, constitutes a level surface (surface 
de niveau). At the present time this applies directly 
only to the surface of the sea, although it also applies to 
the ideal sea surface drawn through the continents, which 
has been determined by a system of levels, and is the sur- 
face to which barometric observations are reduced. 
Thus the horizontal component of the centrifugal force is 
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accounted for. The vertical component is considered by 
taking into account the variations in apparent gravity 
with latitude and altitude, this variation being caused 
partly by the centrifugal force and partly by the sphe- 
roidal form of the earth and the consequent variation in 
the distance from the center with latitude. Thus we 
obtain the well-known formulas for reducing air pressure 
to normal gravity (gravity at lat. 45° and at sea level). 
With regard to the distance between two level surfaces, 
we must remember that two such surfaces are nearer 
each other at the poles than at the equator, their mutual 
distances always being inversely proportional to the cor- 


responding intensities of apparent gravity (10). We 
need not here enter into the details of this question. 
Second, as to the deflecting force 
¢ =2wv sin 7; (7) 


its intensity and direction depend upon the position of the 
relative path and on the latins velocity, and it must 
always be treated as an external impressed force. 

Let us first refer the motion to the earth’s axis and the 
equator plane. Let figure 5 present a north-polar pro- 





jection of our globe, AB the projection of the relative 
path, and MC=vsin; that of the velocity, v, of the 
particle M. Then with respect to magnitude, ¢=2w MC. 
if now we imagine an observer placed at J/, parallel to 
the earth’s axis and with his head towards the north pole 
(that is, perpendicularly upward in the figure), and Jook- 
ing toward C, he will see the earth rotate before him from 
his right to his left hand; and therefore ¢, which is 
directed in the opposite direction, will urge the particle 
toward his right hand and perpendicularly to MC in the 
equator plane, as drawn in the figure. In the Southern 
Hemisphere ¢ acts similarly toward the left. If the path 
is parallel to the equator (y=90°), ¢ will have its maxi- 
mum value 2wv, which is a constant for the whole earth. 
If the path is perpendicular to the equator (y=0°), ¢ 
vanishes at all points on the earth. 

Second, let us refer the motion to the zenith and the 
horizon. 

As has just been shown, in the neighborhood of the pole 
in a horizontal current, ¢ is always equal to 2wv, is inde- 


Poe of the azimuth of the motion and is directed 
vorizontally to the right at the north pole, and to the left 
at the south pole; there is no vertical deviation, and 
consequently a vertical current is not deviated at all. 

in the neighborhood of the equator in a north south 
horizontal current, the path being perpendicular to the 
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equator plane, the deviation is zero; but in an east-west 
current the path is parallel to this plane. Therefore 
¢=2wv, is directed vertically upward in a wind from 
the west and vertically downward in a wind from the 
vast, as will be immediately seen from figure 5. If a 
horizontal current blows from some other azimuth, the 
projection MC represents the east-west component of 
v; and thus the deviation is always vertical and propor- 
tional to the east-west component, being directed up- 
ward in a west wind and downward in an east wind. 
Also, we find immediately that in a vertical upward cur- 
rent ¢ is directed horizontally westward, and in a vertical 
downward current it is directed horizontally eastward, 
and that ¢=2wv. 
Now let us consider the deviation at any latitude 2. 


1. Air current horizontal. 


(a) if the current is directed poleward, as in figure 6a, 
¢ will be directed horizontally eastward, and the projec- 
tion of v on the equator plane being vsin/, we obtain 

yy =2wv sin A, 

The same value is obtained if v is directed toward the 
equator, but ¢ will be directed westward. 

(b) if v is directed eastward (west wind, fig. 66), ¢ is 
in the meridian plane parallel to the equator and directed 








s 
hig. 6. 


upward, thus forming, with the vertical, the angle A: 
and v being parallel to the equator, we get 


yy 2wv. 


Thus the horizontal component of ¢, which we will 
call ¢,, will be directed toward the equator, and we shall 
have for its magnitude 


the vertical component, which we will represent by ¢,, 
will be directed upward toward the zenith, and we shall 
have for its magnitude 


/ c 9 — 
&,=2wv cos A. 


If » is directed westward (east wind), we get the same 
values for ¢, ¢,, and ¢,, but the directions are reversed; 
¢ toward the earth’s axis, ¢, toward the pole, and ¢, 
downward (toward the nadir). 
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(c) If v is directed in any azimuth, it may be resolved 
into two components, as presented in figure 7, the one, 
north-south 


v,= MX, with a direction; the other, 


M 





Ly 








Fig. 7 


v,= MY, with an east-west direction. The effect of the 
component v;, will be, as shown in (a), to produce a com- 
ponent of deviation directed along MY, which may be 
expressed by the following equation: 

M,, = ¢, = 2wv, sin A; 
and the effect of the component v, will be [as shown in 
(b)] to produce a horizontal component of deviation, 
which may be expressed by 

M, = ¢, = 2wv, sin A. 

If the resultant of ¢, and , is represented .by qd, this 
Vr Vy ae 

latter will be the horizontal component of the force of 
deviation. Now, by the above formulas, 


/ . /, ann 2% . “a 
Yy - Yet Vz 2 Vy; 


. . . > 
and since the right-angled triangles Myc and MXC are 


similar, therefore also ¢, : (=v : Vz, and consequently 
(iy = 2wv sin A. (8) 


Also, the angle C Mc is right-angled, and it is immediately 
seen that ¢, is directed to the right in the Northern 
Hemisphere (for which the figure is drawn), and to the 
left in the Southern Hemisphere. This is the theorem, 
already generally known, on the horizontal force of 
deviation in a horizontal air current. 
Finally, we get also [from (b)] a vertical force 

z= 2wv, cos A, (9) 
directed upward in a westerly wind (v, directed east- 
ward), ad downward in an easterly wind (v, directed 
westward). 

2. Air current vertical. 


The projection of v on the equator being v cos 4, the 
deviating force will be 
p=2 
and it is immediately seen that it is horizontal! and is 
directed westward in an upward, and eastward in a down- 
ward current. 


wv cos A, (10) 


3. Air current directed obliquely upward or downward. 


This case may be easily reduced to the two former ones 
by resolving vinto three components—the first, v,, north- 
south; the second, w,, east-west; and the third, v,, verti- 
cal; taken positively to the north, east, and zenithward, 
respectively. 


MONTHLY WEATHER REVIEW. 


335 


From v, we get [by (1. a.)] only a horizontal east-west 
component of deviating force, which may be represented 
by the equatior 


f, 


dy’ =2 wv, sin A; 
from v, [by case (1. b.)] we get a horizontal north-south 
force which may be expressed by 

by= —2 wr, sin A, 
and a vertical force that may be expressed by 

Jz=2 wry cos A; 
from v, [by case 2] we get only a horizontal east-west 
force which may be expressed by 

dy’ = —2 wr, cos A. 

Thus we get the following components: 

z= —2 wr, sin A; 
2 w(v, sin A—v, cos A); 
2 Wy COs A. 


a AA a i 
Ve T¥e, 77Fe™ 
ie 
Formula (11) represents, as may be easily seen, the 
components of the deviating force for either hemisphere 
as to magnitude, direction, and sign, if we make A positive 
at a northern Jatitude and negative at a southern latitude. 
Now let @ be the azimuth from which the wind blows, 
counted from south through west; @ will also represent 
the azimuth towards which the wind blows; that is, the 
azimuth of v counted from north through east. Let @ be 
the inclination of the path of the wind to the horizon, a 
positive value of § corresponding to an upward wind, 
and a negative value to a downward wind. Then by pro- 
jecting v on the axes we obtain 


(11) 


Vz=vcosa@cosfB; v,=vsna@cosf; v,=vsin B; 


and by putting these values of v,, vy, and v;, in (11), we get 


| = —2 wv sin & cos # sin A; 
(y= 2 wv(cos a cos # sin A—sin £ cos A); (12) 
| gz-= 2wvsin a cos §cosi; 


The complete discussion of formulas (11) and (12) being 
somewhat fae: [ will for this refer to my paper (1) and 
give here only the chief results. 

In the Northern Hemisphere in an obliquely upward 
current the horizontal component of the deviating force of a 
south wind is less, and that of a north wind is generally 
more, than in a horisontal current. In an obliquely down- 
ward current the reverse holds good. As to the Southern 
Hemisphere, we need only to interchange the north and 
south in the above proposition. This symmetry of devia- 
tion is greatest near the equator. [or instance, in the 
Northern Hemisphere, if the upward inclination £ of a 
south wind is equal to the latitude 24, ¢=0; (11) if B><A, 
¢ will be directed to the left. The north and south winds 
are never vertically deviated. 

If in an east-west current the air is obliquely rising or 
falling ¢, will not be directed exactly perpendicular to v, 
but if the air is rising it throws the east winds a little for- 
ward and the west winds a little backward, and the reverse 
of this if the air is falling. The west winds are always 
deviated upward and the east winds downward. 

IV. RELATIVE PATH OF INERTIA OF AN AIR PARTICLE. 

If no external forces accelerate a mobile, it will, on 
account of its inertia, describe a straight line with a 
constant velocity; this is therefore the absolute path of 
inertia. 

The path that the mobile under the same conditions 
will describe on a moving system, such as the earth, is 
however generally a curved line, on account of the two 
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apparent forces ¢, and ¢ then brought into play, and it 
is described with varying velocity. But the simultaneous 
absolute path being a straight line and the absolute 
velocity constant, this relative path is also evidently a 
real path of inertia. Such a path would be described by 
a particle of air moving relative to the earth’s surface, if 
the influence upon it of the absolute gravity, pressure- 
gradients, and friction, always balanced each other. 
Since the absolute path is a straight line, such a particle 
could never be at relative rest. 

In meteorology there has, however, been introduced 
another definition of the path of inertia, which, while it 
does not well correspond to this name, may yet be of use 
in some investigations. Let us suppose that the influence 
of the apparent gravity, pressure-gradients, and friction, 
on the air particle, always balance each other. Under 
these conditions, if the air particle was at relative rest at 
the beginning it would remain at rest; and if at the begin- 
ning it had a certain relative velocity, due to some ex- 
ternal impressed force, it would on account of its inertia 
maintain this velocity unaltered, and only change the 
direction of its relative path; for the only force acting 
upon it would be ¢, which has been shown to be always 
acting perpendicularly to the relative path. Such a path 
of inertia may consequently be salad, the apparent path 
of inertia. 

1. First, let the original direction of the path be 
parallel to the earth’s axis. Then ¢=0, and the relative 
path is a straight line parallel to the.axis of the earth. 

2. Second, let. the original direction of the path be 
parallel to the equator plane, and the original velocity 
equal tov. Then the deviating force will be ¢=2wv, and 
also acting parallel to the equator plane. Since ¢ is 
constant aad perpendicular to v, the path will evidently 
be a circle whose radius, e, will be determined by putting 


the resistance of inertia of the particle, 3 equal to ¢, thus: 
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0 = 2w, 
by which 

O80" 


The periphery being 2zp, and v being the part of 


the periphery described in a second of mean solar 

: , ; ' 2x0 = 

time, the time of the whole revolution will be wae 
99 WwW 


seconds of mean solar time; that is, one half of a siderial 
day (12). The radius is proportional to v, and if 
v=1 m./sec., o=6857 meters; if v=10 m./sec., p= 
68 570 meters, etc. The direction of motion is opposite 
to that of the earth’s rotation; at the pole the plane of 
the path is horizontal and at the equator it is vertical, 
the lesatinn being eastward in the lower half of the path 
and westward in the upper half. At any latitude the 
plane of the path, which is always paralle] to the plane 
of the equator, will be inclined to the horizon, the direc- 
tion of motion being the same as at the equator. 

3. Third, let the original direction of motion be inclined 
by an angle 7 to the earth’s axis. Then let v be resolved 
into two components, v cos 7 and »v sin 7, parallel respec- 
tively to the earth’s axis and to the equator plane. The 


effect of the first component alone will be to cause the 
particle to describe (by 1 above) a straight line parallel 
to the earth’s axis, with the constant velocity v cos 7; 
the effect of the second component taken alone will be 


(b y2 


above) to cause the particle to describe a circle 
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parallel to the equator plane and having the radius 
v sin 7 
9) 
its axis parallel to the earth’s axis. 
We may also attempt to determine the path of inertia 
of a particle moving in a horizontal plane at the latitude 2. 
Here, also, if A is constant the path will be a circle having 


. The actual path will therefore be a helix, having 


the radius equal to ; ; the time of revolution will be 


w sin 4 


rd " ; : : . 
es that is, 4 cosec A times a siderial day (13). Such 


a path of inertia can exist only when certain vertical 
forces, such as pressure and temperature gradients, con- 
strain the particle to always remain in the same hori- 
zontal plane; for instance, when the vertical equilibrium 
of the atmosphere is very stable. 


V. COMPARISON BETWEEN THE THEORY AND EXPERIENCE. 


Thus far our deductions have been purely theoretical, 
and the results given above possess mathematical cer- 
tainty; but whether the apparent forces generated by the 
earth’s rotation are essentially important to dynamic 
meteorology depends upon the order of magnitude of 
these forces. They will be of importance only when they 
are of the same order of magnitude as the absolute forces, 
pressure gradients, and friction, which we know from 
observation produce and stop air motion. This question 
will now be examined. 

In comparing these forces we shall express all in the 
centimeter-gram-second system. 


. a aa y.cm . ‘ 
The unit of force, the dyne or aaa , 1s the force which 
sec” 


acting during one second (sec.), mean time, on a mass of 
one gram (g.) produces an acceleration of one centimeter 
(em.). Thus pressure is measured in dynes per square 
dyne_ g ) 


centimeter >= 
cm 


~ em.sec? 

A normal atmosphere (measured by a column of mer- 
cury 76 cm. in height reduced to normal density and 
dynes 


gravity) is equal to 1.01325 x 10° , and thus very 
aa F cm-* ’ 


nearly a million dynes or one megadyne per cm’. 

In a horizontal air current the only moving force is the 
horizontal gradient —dp/dz, that is, the diminution of 
pressure per unit of length along a level surface, or a 
surface at all points normal to apparent gravity. Let G 
be this gradient in centimeters of mercury for 1° along 
the meridian, dp the diminution of pressure in dynes/em? 
and dz the corresponding variation of length expressed in 
centimeters; we will then obtain 


dp 1.01325 10°90 _, dynes" 
: a 76 "10877 “ems 
that is, 
lp = o 
—"P _9.001200G, in —-2—;. (13) 
dz cm?.sec? 


This equation represents the variations in the pressure 
acting on 1 cubic centimeter of air moving in a horizontal 
path. In order to obtain the acceleration in cm./sec.?, 
it must be divided by the mass of a cubic centimeter of 

or 


air; that is, by the density of the air, 3, in en we thus 


obtain for the acceleration produced by the gradient G, 


I1dp 0.001200 .. aa . 
—.% * ~ G, in ; (14) 
O0dz 6 sec? 
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For example, let the air have a temperature of 17.0°C., 
a pressure of 75.3 cm., and a relative humidity of 70 per 
cent, a condition that nearly corresponds to the summer 
mean of northern Europe; then d=0.001200, and the 
acceleration sought will be simply equal to @. 

We thus see that at the mean air 


§=0.001200-",, the acceleration produced by @ will be 


density, 


expressed by the same measure of length as the gradient 
itself, if this is given for a meridian degree. 

Now we know by observation the relation between 
gradient and wind velocity in a steady motion. In a 
cyclone, for example, a gradient of 5 mm. (=0.5 cm.) 
will generally ovotiions stormy winds with a velocity of 
about 30 meters per second (v=3 000 cm./sec.”). Then, 
since w=0.00 007 292, we get by equation (7) for a 
current parallel to the equator ¢=0.44 cm./sec.?, which 
is nearly the same value as that for the acceleration pro- 
duced by the gradient, this latter being 0.5 em./sec.?. 
Further, since, as we know, the horizontal deviation of 
the wind from the direction of the gradient amounts to 
at least 60°-70°, only G cos 60° to @ cos 70° or about 
: to ; of the gradient force will accelerate the air move- 
ment, while the remaining component, @ sin 60° to 
G sin 70°, or about 5 to 3 of G, being perpendicular to 
the path, will unite with the horizontal component of ¢ 
for ¢,=2w vsind by equation (8)] in a resultant perpen- 
dicular to the path and tending to incurve it, thereby 
modifying the distclbastion of the mass and the pressure 
of the air. 

The vertical component of ¢ [or ¢,=2wv, cosd by 
equation (9) or (11)] will also tend to incurve the path, 
the direction being upward in a west wind (v, positive), 
and downward in an east wind (v, negative), and thereby 
likewise modify the distribution of the mass and the 
pressure of the air. This component has hitherto been 
very generally neglected, but as will be seen below, this 
will not do. 

Further, as the researches of Guldberg and Mohn (14) 
have shown, the resistance of friction caused by the 
earth’s surface on the lowest strata of the atmosphere, 
like ¢, is a quantity proportional to v; friction =kv. 

The coeflicient of friction, k, ranges between 0.00002 
and 0.00004 for the open sea, and does not exceed 0.00012 
for a very rough continental surface. Friction even at 
its maximum will therefore be less than ¢, or 2wv, in a 
current parallel to the equator (2w=0.00 014 584). 

As to the upper strata of the atmosphere H. von Helm- 
holtz (15) has shown the friction in a horizontal parallel 
current is so extremely sma!l that it vanishes altogether 
when compared with the gradient. Hence it follows that 
in the upper strata even a very slight gradient—for exam- 
ple, 0.1 mm. (0.01 cm.)—if it act sufficiently long in the 
direction of motion, is able to produce a very great veloc- 
ity, particularly as the acceleration is inversely propor- 
tional to the density of the air. For instance, at an alti- 
tude where the density is only 4 of that at sea level (about 
8 km., which corresponds to the average height of the 
cirrus), the acceleration produced by the above-named 
slight gradient will be 0.03 cm./sec.?.. This acceleration 
acting in the direction of motion during 100 000 seconds, 
or about 28 hours, will produce a velocity of 3 000c¢m./sec. = 
30m./sec.; and with this velocity ¢ is, as previously shown, 
equal to 0.44 cm./sec.?, which 1s about 15 times greater 
than the component of acceleration acting in the direction 
of motion. 
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In order more fully to examine the action of the deviat- 
ing force ¢, we must decompose it by means of the 
formulas given in Part III. If the air current is nearly 
horizontal, formulas (8) and (9) will suffice. Since the 
horizontal component is ¢,=2wv sin 4 and the vertical 
component is ¢,=2wv, cos A, the former will attain its 
greatest importance in the higher latitudes, and the latter 
in the lower latitudes. 

The importance of ¢, has already been shown by sev- 
eral eminent investigators, especially Ferrel, Guldberg 
and Mohn, Képpen, Sprung, De Marchi, and von Bezold; 
and having thus been generally acknowledged, we need 
scarcely discuss this part of the problem. Phe following 
remarks may suffice. Even in the vicinity of the equa- 
tor, where this component nearly vanishes, it is essential 
to the formation of the trade winds and monsoons. 
This fact at once indicates that the vertical component 
¢,, even in the higher latitudes where it is comparable 
with the ¢, of the lower latitudes, must have an essential 
influence on air movements. To be sure, there exists a 
great difference between the horizontal and vertical 
movements of the air, inasmuch as the former may 
amount to hundreds of miles, while the latter can only 
amount to a few miles; it therefore follows that, the ac- 
celerations and the other conditions of motion being 
equal, the horizontal velocities must be much greater 
than the vertical, since the time during which the accel- 
erating forces act will be much greater in the former case. 
Nevertheless, no one will deny that a vertical displace- 
ment of the air masses for a few miles may not have as 
much influence on the weather as a horizontal displace- 
ment of many hundreds of miles. And even where such 
vertical forces do not directly produce motion, they will, 
since the conditions of continuity of moving air have 
always to be satisfied, call forth opposite forces, such as 
vertical pressure gradients or frictional resistances, which 
will essentially modify the conditions of equilibrium or 
motion of the atmosphere. 

Some concrete instances of the magnitude and direction 
of the deviating force ¢ in the upper currents of the at- 
mosphere are here presented from the results of the cloud 
measurements executed by Dr. K. L. Hagstrom and 
myself in Upsala (16) (lat. 59° 51.5’). 

Let z,, be the mean height of the cloud, v, its horizontal 
velocity, and a, the azimuth of ¢, the other symbols 
being those used in the formulas given in Part III. 

1885, May 26,8 p.m. Barometric depression to the 
north of Upsala. Five successive measurements of a 
cirrus cloud. 
2m = 8 068 m.; ©=101.1; 4, = 15.4 m./sec.; v,=2.2 m./sec.; 

B=8.1°; ¢,=0.20 cm./sec.?; a,=191.9°; 
¢,=0.11 em./sec.? upward. 

1885, May 30, 8 a. m., depression to the north of Upsala. 

Six successive measurements of a cirrus cloud. 


2m=7 405 m.; @=55.7°; vy =42.0 m.; v,=2.6 m.; 
B=3.6°; ¢,=0.52 cm./sec.?, ay = 147.4°; 
(2 = 0.25 cm./sec.? upward. 
1885, June 6, 1 p. m., depression to the north of Upsala. 
Three successive measurements of a high cirrus cloud. 


2m=9 143 m.; @=65.7°; v,=43.8 m.; v,=6.3 m.; 
B=8.1°; ¢,=0.54 cm./sec.?; a, =160.2°; 
¢2=0.29 cm./sec.? upward. 


With regard to the density of the air at this height, we 
find that for the last two measurements ¢, is equivalent 
to a horizontal gradient of about 2 mm., ¢, to an upward 
vertical gradient of about 1 mm., using the ordinary units. 
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In order to judg ve exa ly of the influence of the vertical 
deviating component, ¢,, we ought to compare it with the 
vertical pressure g1 radients. The calculation and meas- 
urements of these latter are, however, much more difficult 
than the calculation and measurement of the horizontal 
pressure gi radients. 

If the air is at rest we know by the principle of Archi- 
medes that the lift by air pressure is equal to the apparent 
weight of a unit volume of air; thus according to the 
adopted designation, g being the acceleration of apparent 
oravity 
, dp ‘ dp 
dz id asl iz 


OQ 


If, however, these two forces are unequal, the difference 


will represent the vertical moving force of pressure, or the 


° , 7° ap . 
vertical pressure gradient, —>--—gd, the acceleration 
az ‘ 
Ty 
» ss . Gp . . . >. * . 
of which is — <-+ —g, and ought to be compared with Vz. 
ca. . 
P | ~ 1 Saal > wee a ae » — - 
If the vertical height z is taken positively upwards, p 
. , 1 dp “17 
will aecrease whe n Z increases, and thus - 7 Vii! be 4 
Gane 


positive quantity, representing an upward pressure. 
Putting 


7 
i} o \ — 
‘Oo a8) (] ») 
az 
: bat " : te 
the gradient ¢d is directed upward when positive and 
downward when negative. ‘Thus <- represents the accel- 
. ° , ’ The . ( 1 0 
eration imparted by the gradie to the unit of volume of 
air at the heicht 2. 
mM 1 a 21 a, pene os ee See 
ihe onty means oF a¢ MmInimMs tpAls eradient DY opser- 
> = —_— . } 4 | “\T9 “ae — a . f 
vation 1s given D ne parometrih measurement ol 
heights. In fact, if in equation (15) we put -=0 and 
. ° ’ . . . 
integrate the equation, we obtain the barometric for- 
1 ¢ f 
mula ior m elgi neertainty ¢ in a 
y » 1, inal] t 
MCasurel W { LO} yt f paity t ) 
pili ing’ ¢é ior S { u of 1 \rometri 
formula \ » are u to determine with suffi- 
. : 
client accuracy i su id especial] e mean 
i ae SLY V Ci i Cul or the te ture ; id 
. 4 - . | 
moistu d even of is er particles float- 
: . } f } ] y 
ing’ in t al i evel tne cotumn lvi y 
} . } ] 4 34 4 
between the two barometers to be read at its Lop and 
me 
bottom (17 
+] ri. ) 5 
In the general case, ¢ will vary from one element to 
+ . y ] : re y* " — , . ’ 
another, and in order to det » the dynamical state 
. ’ ] > } * } 1 
of the atmosphere, we must write down and solve the 
n . ° . 1 1 
general hydrodynamic equations, with due regard to all 
pressure gr: idients, friction, deviating foree %, condition 
of continuity, and limits. This seeming at present impos- 
sible, we must confine ourselves to the study of some 
simp le al nd typical phenomena, comparing em with the 
observ ed facts 
3 aaa ] ‘ ee ee Peer Sen, aes 
In doing this, tet us rst consiaer the vertical compo- 
nent of the int owing alr current of a steady cyclone. 
“ae ‘ ! ee es - 
rirst, as shown by Hi: ann an ( rs, tne rising mass of 
all i the showing current of suc acycione Is very nearly 
in the a diabati oT inditierent e ubuIDrI um. 
am } . f . 4 
Let us first eneons such a mass of » be at rest. 
Then we have 
J, 
up ~ 
Bs }. 


If now a particle of air be thrown upward, by means of 


> ‘ ; aa dy . 
an impact for instance, both the lifting power — —~- and 


the weight gd of the unit of volume of air will decrease. 








But since the surrounding mass of air is in adiabatic 


wie bi dp ' 
equilibrium, — de and gd will always decrease at the same 


rate. For since the moving air mass has not time to give 
out or receive a sensible quantity of heat, its change of 
state will be adiabatic; consequently, during its motion 
it will always take the same density as the surrounding 
air in the same level. Thus, the vertical gradient will 
remain zero, and the only forces acting upon the moving 
air particle will be the deviating force ¢ and the friction. 
But the latter may be neglected on account of its small- 
ness; hence the air particle, under the influence of ¢, will 
appeie the apparent path of inertia described in Part LV. 
t must be remembered, however, that if the air is satu- 
rated with moisture but not charged with fog, the adia- 
batic equilibrium, and consequently the path of inertia, 
will exist in an _ ~ motion only, while the stable 
equilibrium, which w aes n of below, will manifest 
itself in a agin ard movement. 

In reality the air column of a cyclone is not in equilib- 
rium, but is rising under the influence of a vertical 
upward force, which is the resultant chiefly of the vertical 
soar gradient and the vertical component ¢,; also, 

ts different strata are rotating around a vertical axis. 
That the acceleration of these vertical pressure gradients 
will probably in most cases be smaller than ¢, and even 
than ¢,, especially in the upper strata, is shown by the 
following reasoning. ‘The vertical pressure gradients 
must generally be smaller than the horizontal ones, 
because the frictional resistance is less, and the flow less 
checked than in a horizontal current. Now since the 
horizontal! pressure gradients are generally not greater 
than ¢, or even gi, the vertical gradients will be less than 
y and not creater thai lv, 

The above results of cloud measurements confirm this 
conclusion. In fact, it may be shown that in those cases 
the mean value of ¢ is prot bably negative, and therefore 
directed downward, and tending to move the air in that 
direction. To prove this, we must compute the upward 
velocity, v,, that would be produced by the action of ¢, 
alone, and compare it with the observed ms of 
NOW, i, is proporti mal to the westerly component of 
velocity, v,, and this, as shown both by our own cloud 
measurements and those of H. H. Clayton, is very nearly 
proportional to the altitude z Thus for ¢, put c’z, 
where ¢c is a constant, we get 

2 

dt? 
ae uo oe oe c dz 
if we suppose that simultaneously z=0 and qe = v2 =9, 
the first integral of this will be (18 


ve =c2. (16) 


By means of the observations cited above, we get 
ISS5. May 26. May 50 June 6. 
0.11 0.25 0.29 — 
~"™ 806 800’ 740 500 914 300’ 


thus, by equation (16), at the measured heights, 


v, (calculated) =298, 430, 515cem./sec.; 


Z 
f 


while v, (observed) 220, 260, 630cem./sec. 


In the first two cases the calculated value is greater 
than the obse rved, and only in the third is it a little less; 
but in this case the observed value may be too great on 
account of errors of observation, the value bei ‘ing calcu- 
lated from only three successive earraisons. Generally 














June, 1914. 


we have not found vertical upward velocities so great as 
those given above, although horizontal eastward veloci- 
ties amounting to more than 50 m./sec. are not uncom- 
mon, and the values of ¢, are proportional to this. 

Hence it seems that generally, at least in the southern 
part of the cyclone, where westerly winds blow in all the 
strata, the vertical upward velocity that would be pro- 
duced by ¢, and thus indirectly by these strong westerly 
winds, is greater than the one really observed. Now the 
observed velocity is produced jointly by ¢,, the vertical 
pressure gradient ¢, and the friction (which latter may be 
neglected); and thus it follows that ¢ must be negative. 

‘his remarkable result may be expressed in the follow- 
ing manner: A part of the vis viva of the westerly winds 
prevailing in the cyclone is used in pumping the air up, 
by means of ¢,, against the mean vertical temperature 
gradient ¢, which tends to make it descend. 

Now Prof. Hann has shown (19) that the mean tem- 
perature of the air column in the inflowing winds of a 
cyclone is generally so much lower than that of an anti- 
cyclone, that the vertical temperature gradient of the 


former must probably be directed downward. This re-' 


sult, although deduced from incontestable facts, has called 
forth much criticism, as the incontestable fact of an 
upward motion in cyclones seemed then inexplicable. 
ese himself has pointed out that the mechanical energy 
(vis viva) of the upper current may be able to pump u 
the air of the een against the pressure gradient. 
believe that I have now shown how this transformation 
takes place. Of course, there may be modes of trans- 
formation other than the above, but this evidently will 
accomplish much. As to the vis viva of the upper cur- 
cents of the cyclone, it may originate partly from the 
general atmospheric circulation, and partly from the 
mechanical energy produced by the cyclone itself from 
the latent heat of aqueous vapor. The proportion be- 
tween these two sources of energy is probably quite 
variable. 

There is another observed fact, which is explained by 
the action of ¢,. Clement Ley and Hildebrandsson have 
observed that the cirrus clouds are much more numerous 
in westerly upper currents than in easterly. Now, since 
}, is directed upward in the former and downward in the 
latter, the air will generally rise in a westerly current and 
thereby be cooled, so that the aqueous vapor contained in 
it will be condensed and form the ice ‘aedies of which the 
cirri consist. The reverse will take place in an easterly 
current. 

The vertically deviating component ¢, will also have a 
marked influence on the propagation of the cyclone center. 
Considering the well-known diagrams of Clement Ley 
and Hildebrandsson, we find that all strata, upper and 
lower, have a westward component of horizontal velocity 
in the northwest quadrant of the cyclone, but in no other. 
Thus the currents of all strata in this quadrant will have 
a downward acceleration (¢, negative) which after a time 
will give a downward velocity. This will reach its maxi 
mum somewhere to the west of the center, in the rear of 
the cyclone; then the currents entering the southwest 
quadrant will acquire an eastward component of horizon- 
tal velocity, which will give rise to an upward acceleration 
(J, positive), by which the downward velocity acquired in 
the northwest quadrant will be gradually diminished and 
will vanish somewhere in the southern part of the cyclone. 
It therefore follows that the air will tend to sink down in 
the western half of the cyclone and that the reverse will 
happen in the eastern half. Obviously this will contrib- 
ute to fill up the western part and empty the eastern part 
of the avelone, so as to displace the center eastward. 
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Certainly the propagation of a arene is a very compli- 
cated phenomenon which may have many coéperating 
causes, but I think the cause above named is in most cases 
a very efficacious one that may not be neglected. 
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METEOROLOGY AT THE LICK OBSERVATORY -.' 
By Wrtt1ram GARDNER REED. 


[Dated, University of California, Department of Geography, June 10, 1914.] 
INTRODUCTION. 


The Lick Observatory was founded under two deeds 
of trust by James Lick of San Francisco, the first dated 
July 16, 1874, and the second, September 21, 1875. 
These provided for ‘‘a powerful telescope, * * and 
also a suitable observatory connected therewith.” After 
a careful consideration of various possible sites (restricted 
to the State of California by the terms of the trust), the 
choice was Mount Hamilton, lat. 37° 20’ north, long. 
121° 38’ west from Greenwich, altitude,’ 4,209 feet above 
sea level, located among the Coast Ranges in the eastern 





1 The writer wishes to thank the members of the staff of the observatory, without 
whose cooperation and assistance this study could not have been made, and in particular 
to thank Director W. W. ¢ ae age for the meteorological data, the photographs, and 
numerous other courtesies at the observatory. 
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part of Santa Clara County. The general location of the 
mountain and the larger topographic features of the 
region are best studied with the aid of the U. S. Topo- 
graphic Atlas sheets for California. The topography of 
the region is shown in detail on the Mount Hamilton, 
Cal., sheet of the Topographic Atlas of the U. S. pub- 
lished by U. S. Geological Survey. The buildings are 
located on ‘‘Observatory Peak,’ the third of the highest 
peaks of the mountain, while on the higher peaks are 
placed the reservoirs for the water supply and hydraulic 
power. The general relations are shown by figure 3, a 
photograph of the observatory from Copernicus Peak, 
northeast of the observatory, and one of the two highest 
eaks of the mountain. An act of Congress, approved 
une 7, 1886, granted the trustees somewhat more than 
two sections of Government land including the summit 
of the mountain; later James Lick and Robert F. Morrow 
ave the trustees about 190 acres more, ‘‘so that the 
bservatory is secured forever against buildings in close 
proximity to it.” The deed of trust provided that when 
the telescope and the observatory were completed they 
together with the land, should be conveyed to the Regents 
of the University of California, the corporation to which 
the government of the State University is entrusted. 
Any surplus of the $700,000 provided for the construction 
and equipment of the telescope and the observatory was 
to be turned over to the university and the income 
devoted to the maintenance of the observatory. The 
observatory-was to be known as the Lick Astronomical 
Department of the University of California. 
The actual work on Mount Hamilton began in the sum- 
mer of 1880, and the regular astronomical work of the 
completed observatory on July 1, 1888. Since then the 
observatory has been in continuous operation. It is sig- 
nificant that the first volume issued from the observatory 
contains the following: ‘‘The Observatory is not primarily 
destined for a meteorological station. Its very excep- 
tional situation, however, creates a responsibility on its 
pets to engage to some extent in making routine meteoro- 
ogical observations, and a suitable outfit for this purpose 
has been obtained.’’* The results of the observations 
have been published from time to time by the Astronomi- 
cal Society of the Pacific. A considerable volume ‘was 
compiled by Astronomer C. D. Perrine, but not published 
for lacks of funds. Great credit is due many members of 
the staff and especially Dr. Perrine for the excellent con- 
dition of the record. 


METEOROLOGICAL OBSERVATIONS. 


Although the regular astronomical work of the observa- 
tory did not commence until July 1, 1888, meteorological 
observations have been made on Mount Hamilton since 
September 11, 1880. During the period of construction 
the observations were necessarily Fmited by the ‘other 


* Altitude determined in 1887 under the direction of W. G. Raymond of the Depart- 
ment of Civil Engineering of the University of California as 4,209.42 feet to a bench on 
the marble floor of the observatory, by levels from the Market Street Station of the 
Southern Pacific Railroad in San Jose (elevation 88.7 feet, assumed). See Publ. Ast. 
Soc. Pacific, vol. 3 ar . 370. 

The altitude is sta y the United States Coast and Geodetic Survey as 1,298.9 
meters (1,262 feet) on top of the 12” dome. “. .. the height of the small [12”] 
dome above the marble fioor of the Lick Observatory is stated to be 40 feet 4 inches 
Cae meters); hence the height of the marble floor is 1,286.6 meters or 4,221 feet.”” See 

. 8. C. & G. 8., Special Publication No. 4 (1900) ‘“‘The Transcontinental Triangu- 
lation,’ by Charles A. Schott. This elevation is stated in ‘‘Triangulation in Caliiornia, 
Part i,” Appendix 5 of the Annual Report of the Superintendent for 1910, as belong- 
ng to class 3 “‘ those felevations! determined ‘by nonreciprocal zenith distance meas- 
ures, in which the probable error may be as much, in some cases, as +10 meters.” 
U.S.C. & G. 8. Ann. Rept. for 1910 (1911) p. 308. 

The altitude is stated in ‘‘A Dictionary of Altitudes in the United States” on the 
11908) Dr ny the United States Geological Survey as 4,209 feet. U.S. G. S, Bull. 274 

p. 96. 

The altitude of the Southern Pacific track at San Jose is stated in U. 8. G. S. Bull. 
274, p. 124, on the authority of the U. S. C. & G. S. as 118 feet. The altitude of the 
base of the rail is stated on the a0 railroad profile as 98.91 feet above the mean sea 
level datum of the U. 8. Geological Survey. 

# Publications of the Lick Observatory of the University of California, 1887, vol. 1, pt. 9. 
Description of the Meteorological Instruments, by E. 8. Bolden, p. 78. 
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and more important occupation” of construction. How- 
ever, the record during this time is surprisingly complete, 
chiefly because of the interest of Thomas E. Fraser, the 
superintendent of construction, by whom they were almost 
entirely made. Table 1 shows the observations made on 
Mount Hamilton for which the record is now available. 
Unfortunately the observing hours from November 9, 
1885, to June 30, 1888, were not stated; no records are 
available for certain montps, as will be seen from the table. 

From July 3, 1888, meteorological observations were 
made at 7 a. m., 2 p. m., and 9 p. m. until September 30, 
1908. Since Gatcher 1, 1908, observations have been 
made at 8 a.m. and 8 p. m., Pacific standard time. These 
observations have included pressure from a mercurial 
barometer, wet- and dry-bulb temperatures, wind direction 
and force on the Hazen scale (until Sept. 30, 1903), amount 
of cloud and occurrence of fog, both on the mountain and 
in the valleys. At the 2 p. m. and later at the 8 a. m. 
observations dial readings of the anemometer have been 
made; at the 9 p. m. and later at the 8 p. m. observations 
the maximum and minimum temperatures have been re- 
corded and the self-registering thermometers set. Con- 
tinuous autographic records of pressure, precipitation, 
and wind movement since 1888, and of air temperature 
since 1890 are also available. 

The regular voluntary (cooperative) observer’s reports 
have been sent to the Signal Service and the Weather 
Bureau. They have been printed in the climatological 
publications of those services. Summarized data have 
been published in United States Weather Bureau bulletins 
“L” and “W,” and also by Director Holden, Dr. Perrine, 
and Dr. Maddrill, of the observatory staff, in the Publica- 
tions of the Astronomical Society of the Pacific. The rec- 
ord from September 11, 1880, to October 31, 1885, was 
printed in full in the Publications of the Lick Observatory, 
Volume I. 


INSTRUMENTS AND INSTRUMENTAL RECORDS. 


The meteorological instruments were installed at the 
observatory in 1884 and 1885. These instruments in- 
cluded: 

A Draper self-recording (weighing) mercurial baro- 
graph, magnifying five times. 

A Draper self-recording (weighing) rain gage. 

Two mercurial barometers, one by J. and H. J. Green of 
the Fortin cistern type, large bore (0.55 inch) tube, and 
one by John Roach, type not stated. 

Eleven exposed thermometers, two maximum ther- 
mometers, and three minimum thermometers, all by 
Green; of these one minimum and two exposed were fur- 
nished by the Signal Service; the others were compared 
and certified by Yale College. 

An anemometer of the United States Weather Bureau 
pattern, reading by dial to miles of wind travel (ratio, cup 
travel : wind travel :: 1 : 3) and recording electrically on 
a Weather Bureau type of ‘“‘single register.’’ 

The record of instruments used during the period of 
construction is far from complete. The type of thermom- 
eter in use before 1885 is not stated. In 1885 and 1886 a 
number of ‘“‘standard’”’ thermometers were furnished by 
Green; the Winchester Observatory of Yale College com- 
pared these with a standard. No record is available of 
the method of determining relative humidity, which was 
first recorded in 1886. It is probable, however, that the 
relative humidity was at that time obtained from wet- and 
diy-bulb readings according to the method then in use by 
the Signal Service. 





4 For a more complete description of these instruments and their exposures see Publ. 
Lick Obs, Univ. Calif, 1887, vol. 1, pt. 9, pp. 78-81. 
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Fig. 1.—General view of Lick Observatory, on Observatory Peak of Mount Hamilton, Cal., from Copernicus Peak to the northeast. 


(Photo. by C. 








A. 





Fig. 2.—Meridian Circle House (Lick Observatory) from the northwest. Note the 
louvred construction of the walls. 

Thermometers are exposed in the double wall beyond the first window. The whirling 
device for the wet- and dry-bulb thermometers is between the observing slit and the 
second window. 

The anemometer has occupied the position shown here since May 27, 1891; the wind 
vane since July 5, 1893. (Photo. by C. A. Bergmann, May 29, 1914. 


Bergmann, Apr. 2, 1914.) 




















Fig. 3.—Details of rain gage exposure on the roof of Lick Observatory, 33 feet above the 
I : 


ground. The recording apparatus is immediately below 
May 29, 1914.) 


(Photo. by C. A. Bergmann, 
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TABLE 1.—Schedule of Meteorologwal Observations at the Lick Observatory. 













































Temperature, Wind. 
« Pres- ———| Relative | Precipi- — Weath- 
Dates. sure. Humidity.| tation. Move- Direc- er. 
Daily. Velocity. ment tion 
a. oe aeepebiie — a 
| 

rk Te SE Oe, BN Bai io os cacunenadsnkdacadedduncecte uel al Maz...) Mis dk. onde cas Peer Ne aE RR oy Daily...| Daily. 
lee: Sy, Ry Cee, Be BNO 6 ooo sscs bi cisececdobeccstoeack csc: Daily. .| Mia...) Maes ihe ee looakcoccsensleductabenchearcssamecee teen iene Daily...) Daily 
DRG. S. TENG OO TO, Bh TRO oun ceca ces acusepascusendatadelincdccd 6 p.m...) Max... .m. 
ee, ee EE OE TEs congas sacacanreneanesadse4eueol¥s tencaue 6 p.m...) Max... 
SOD Ts SE OO i ls Disa h sono ncck cn cudbccbsnbncocomeccdedsckkecl cum 6 p.m...) Max... 
BOE. Ry ERs SON I, BOB ovin dens coccgannencnetbagemstnnden sndserassiee steele Max... 
July 1, 1882, to July 11, 1882.. a 6 p.m...) Max... 
July 12, 1882, to Aug. 31, 1882.............c0c00 6 p.m...) Max... 
eae. Sot Oe Se 7 eee 6 p.m...| Max 
July 17, 1884, to Sept. 30, 1884................... waite ..| 6p.m...| Max... 
a ee ne es ee he 6 p.m...) Max... 
Wow. 8; Tey OO POW MG cic evodeslisccevetd tains Wabeaseik ose ees (No record) ..... 


BOD, B, Sepa MOTO Wy SGD B iss sn cinds asbesasesigedsscosacepousavenon Twice | Max... 


Daily. 
July 31, 1886, to Sept. 30, 1886 


Get, Ey Reey OP BOIS BEE neon cunaacunpege saneqeduntecchabusetesaunetin Daily...| Max...| Min... 
POW: & Feely OM C, BOOT eles. hoel ac evs caeekcsbsZediecdcsbuascs svanten Daily...| Max...| Mi 
Ae, 4, UO, MOE, BOOT a ies acs snc oc vnantahss uasidie bavendtabebinost Daily...| Max... 
ee Oe Ee Sono och ow ows do cneeeauacrectuss cca neues sie (No record) .... 
Aa, CBRE, OD Bs BAT eves consecocsticsiontdabdc Les cnakih abiis helen near-= Max... 
pee a a eR a. i A Daily...| Max... 
ee BR Ee | BAe OE SOE ae bbs ee Re Ea Daily...) Max... 
Dee. 30, 1857, 0.29%. Sh, LAB. os. een cnsisis ose swees dcigesomacsinecdccessese Daily...| Max... 
ee Ba es I Sy irs oe cases ee cee oR eccin eter oe oven cok Daily...| Max... 
Semen 2 ,- RE, CO FiO DO, LEB. oi noc ccionavnncccs daaweekvGamncskhecstenbe Daily...| Max... 
ee er eR re 74, 2p,9P | Max... 
CG Ei Ge OO Nw n ove Gdeevev bene ed anda ols sas cotklae eee th aieue &, 8p | Max... 





Sinlks $5 Mibndue oii beak ddas wacge aaeeee en (No record) .... 


























Min...) 6 p. | 6p 

Min...| 6 p. 6 

Min...| 6p. | 6D. 4 

Min...| 6 p. 6 p. ioc Daily...| Daily. 

Min...| 6 p.m?....| 6p.m?....| Daily...) Daily max..| Daily...| Daily...| Daily. 

| Min...| 6p.m?....| 6p.m?....| Daily... ae, Beene «se Daily...| Daily. 

| Min...| 78, 2p, 9p | 78, 2p, 98 | Noon....| Daily max..| Daily...| 7=, 2p,9p | Daily. 

| Min..-] 8," 8 | 8,” & | Noon....) Daily max..| Daily..:| 8, 8» | Daily. 
| | 





1 May 27, 1891, the anemometer was lowered 10 feet to its present position on the Meridian circle house. 


Atmospheric pressure. 


Pressure was observed by means of an aneroid barome- 
ter until July 1, 1888, when the thrice-daily observations 
with the mercurial barometer began. In 1886 the correc- 
tion for the aneroid was +0.21 inch, but the record does 
not show that this correction was applied. Since 1888 the 
pressure readings have been made aan mercurial barome- 
ter No. 2839 Green. This instrument has a large-bore 
tube (0.55 inch inside); the scale is graduated in twen- 
tieths of inches to read directly to the argument of the 
Pulkova refraction tables by a vernier to 0.005inch. The 
record had been entered o:iginally to scale numbers, but 
converted to inches and thousandths to May, 1906. The 
pressures are available for each observation. 

The barometer has been exposed, from the first, on 
the inner north wall of the Meridian Circle House; its 
location is shown by A in figure 4. The instrument 
hangs about 14 inches from the wall and is held in a verti- 
cal position by a shelf around the cistern. The cistern is 
4,212 feet above sea level (assuming the elevation of the 
marble floor is 4,209 feet). The readings and averages 
that have been issued from the observatory have been 
corrected for the temperature of the mercury only. The 
walls of the Meridian Circle House are double, the inner is 
of solid redwood and the outer of louvers of galvanized 
iron (see fig. 2). The space between the two walls is 
about 2 feet.’ There is an ample chamber or attic over 
the observing room and the building is well ventilated, so 
that the inside temperature is the same as that of the 
outside air; the building is never heated artificially, and 
warming by solar radiation is prevented by the construc- 
tion.® The Roach barometer was not at the observatory 
in 1902, and seems never to have been used for meteoro- 
logical observations. 


5 For a more complete description of the Meridian Circle House see Publications of 
the Lick Observatory, 1900, 4:5. 

6 A series of comparisons made by R. T. Crawford in June and July, 1899, showed an 
average difference of temperature in the space between the walls and inside the Meridian 
Circle House of +0.03° and a maximum difference of +1.1°; in a series in October and 
November, 1899, the maximum difference was +2.1°, except for one difference of —3.7° 
at a time when the outside temperature was rising rapidly. See Publ. Lick Obs. Univ. 
Calif. 1913, 7:163-165. 


A continuous record of pressure has been kept since 
July 5, 1888, by the Draper weighing mercyrial baro- 
graph, magnifying five times. This instrument consists 
of a barometer tube supported at the top, with its lower 
= ape end dipping into a cistern hung on spiral springs. 
With a decrease of pressure mercury flows from the tube 
into the cistern, increases its weghi, and stretches the 
springs; a pen attached to the cistern records on a mov- 
ing sheet of paper behind the barometer. The record 
sheet is changed daily at noon. No correction for the 
temperature of the mercury need be applied to the read- 
ings of this barograph, as the weight of the mercury and 
not the length of the column is recorded. The correction 
for change in the springs with temperature is small enough 
to be negligible. The barograph is exposed o »posite the 
rain-gage on the south wall of the east vestibule of the 
observatory (see D in fig. 4). The top of the mercury in 


‘ the cistern is usually at about the same elevation above 


sea level as the fiducial point of the Green barometer 
in the Meridian Circle House. 


Air temperature. 


From September 11, 1880, until September 30, 1885, 
the thermometers were exposed in a wooden box at one 
of the cottages some 70 feet below the observatory and 
about 200 yards to the northeast. The records of tem- 
perature before and after October 1, 1885, are, therefore, 
not strictly comparable.’ Since October 1, 1885, the 
exposure has been between the north walls of the Meridian 
Circle House about 7 feet above the ground. The loca- 
tion of the instruments is shown by B in figure 4, and the 
outside of the Meridian Circle House and the character 
of the ventilation by figure 2. Until September 30, 1908, 
there were exposed here maximum and minimum ther- 
mometers (Weather Bureau type) and wet- and dry-bulb 
thermometers forming a stationary psychrometer. Since 
October 1, 1908, wet-bulb readings have been made from 
a whirled thermometer under conditions which are dis- 
cussed below. Both spherical- and cylindrical-bulb ther- 





7 See Perrine, C. D., in Publ. astrons. soc. Pacific, 1893, 7:124. 
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mometers have been used on the psychrometer, but no 
record is available of the service of each type, and there 
seems to have been an irregular succession of the two 
types as thermometers were broken in service. 
Continuous records of temperature have been obtained 
from Richard seven-day thermographs since November 
21, 1893, when a enderd size (B. C. M.) instrument, 
reading from +5° to +100° F. was exposed with the 
mercurial thermometers. The record sheets have been 
changed on Mondays at noon. There a few thermograms 
for the year 1890 and continuous records from August 31, 
1893, to November 21, 1893, but the exposure of the 
instrument during this time is not stated. This ther- 
mograph was compared with the exposed thermometer 
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Fig. 4.—Plan of Lick Observatory, showing locations of meteorological instruments at 
various periods since September 11, 1880. 


in September and October, 1894; the resulting corrections 
show the usual irregularity of the recording instrument 
but no correction was over three degrees and the average 
of all comparisons was less than half a degree. This 
thermograph continued in service until April 12, 1909. 
On March 1, 1909, a Richard thermograph, large size, 
reading from —25° to +115° F. was placed in service 
with the thermometers. This instrument is the property 
of the U. S. Weather Bureau; it has continued in service 


since its installation, and is now (1914) exposed with other 
thermometers between the walls of the Meridian Circle 
House. 

Daily maximum and minimum temperatures have 
been observed since the first record (by Mr. Fraser), 
which included the maximum and minimum tempera- 
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tures for September 11, 1880. The thermometers were 
exposed in a wooden box on the ‘‘flat” about 70 feet be- 
low and 200 yards northeast of Observatory Peak until 
October, 1885, when they were moved to their present 
location in the space between the walls of the Meridian 
Circle House. The ventilation of the early exposure in the 
wooden box was probably not as good as could be desired. 
Since October 1, 1885, the exposure has not been changed. 
Before June 30, 1888, maximum and minimum readings 
were usually made at 6 p. m., although there are some 
records of other times of observation. From July 1, 1888, 
until November 30, 1889, these observations were made at 
noon in Table 5, and an attempt has been made to adjust 
the maximum to the proper civil date by recording it as 
of the previous date. Since July 6, 1889, maximum and 
minimum readings have been made at the evening obser- 
vation hour and the date regarded as the civil date on 
which the observations were made. The manner in 
which the readings were adjusted to the two times of 
observation and the time at which the instruments were 
set during the period of two records, noon and 9 p. m., 
are not stated in the record. 

The early record does not state the type of thermom- 
eters used to obtain maximum and minimum tempera- 
tures, but it is probable that they were of the usual Signal 
Service pattern. Since the beginning of observations in 
the Meridian Circle House the self-registering instruments 
of the Signal Service and W eather Bureau type have 
been in service. When an observation was missed the 
maximum and minimum temperatures have sometimes 
been interpolated from the thermograph trace, but the 
record is es on all occasions where this has been done. 

Atmospheric moisture. 

Relative humidities for the observation heurs have 
been computed since October 1, 1886, and are available. 
Until July 3, 1888, there is no record of the type of in- 
strument used; but, as the stationary psychrometer (wet 
and dry bulb thermometers) depending on natural ven- 
tilation was in service at the beginning of the regular 
astronomical observations in 188s, there is little doubt 
that this was the type of instrument employed. From 
July 3, 1888, wet- Bid dry-bulb readings have been made 
at the pene w observation hours. Until September 30, 
1908, the readings were still made from a stationary 
sy sella ; exposed between the north walls ot the 
Meridian Circle House (see fig. 2 and B in fig. 4). From 
October 1, 1908, wet-bulb readings were made from a 
sling thermometer usually inside the Meridian Circle 
House, which, as already stated, is practically a large 
hte shelier. This method was continued until 

March 12, 1912.8 

Since May 9, 1912, psychrometer readings have been 
made with thermometers mounted on a \Weatber Bureau 
whirling apparatus located between tho outer and inner 
north walls of the Meridian Circle House (see H in fig. 4 and 
fig. 6), about 10 feet east from the other thermometers. 
During most of this period the wet and dry bulb ther- 
mometers have both been mounied on the whirling ap- 
paratus, but at times dry-bulb readings have been made 
from the stationary dry-bulb in its original location (B in 
fig. 4). Since Se epte mber 30, 1903, relat ative humidity has as 


8 No record can be found of the date on which the use of the sling herenisaiian was 
discontinued, but the original record of observaticns shows a period of 42 days, begin- 
ning March 12, 1912, during which no wet-bulb readings were made. After May 9, 1912, 
fewer wet-bulb thermometers were broken, indicating a less dangerous method of ven- 
tilation (whirling apparatus). The recollection of the members of the observatory staff 
is that the change to the whirling apparatus was made about this time. 
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usually not been computed, although the observation of 
the wet-bulb thermometer has been continued and re- 
corded at each observation hour; it is possible, therefore, 
to compute humidities, as all the observations are avail- 
able. 

A Weather Bureau hair-hygrograph by Friez, stand- 
ard size, was placed in service March 1, 1909; since then 
there has been a continuous record of relative humidity 
from this instrument and the records are now on file at 
the Observatory. The record sheets are changed Mon- 
days at noon. The hygrograph is exposed with the 
thermometers, and the thermograph between the north 
walls of the Meridian Circle House (see B in fig. 4). 

The dew point was regularly computed from wet and 
dry bulb readings between ile 3, 1888, and September 
30, 1903; since that time the computations have not 
been made although the wet- and dry-bulb temperatures 
are available so that computations may be made; the 
dew points since March, 1909, may be computed from 
the hygrograph record. 


Precipitation. 


Rainfall and melted snow has been measured by the 
Draper self-recording rain-gage. The receiving funnel of 
the gage is exposed on the roof of the observatory over 
the east vestibule. (See fig. 4, C, and fig. 3.) The rim 
of the funnel is a circle 78 inches in diameter; it is 
3 feet above the roof and about 2 feet from the northeast 
corner of the parapet, which rises 2 feet 8 inches above 
the roof; figure 3 shows the relations between the gage, 
the roof, and the parapet. The rim of the funnel is 33 
feet above the ground and 4,239 feet above sea level. 

The recording apparatus is immediately below the fun- 
nel, on the north wall of the vestibule. (See C in fig. 4.) 
This consists of a bucket carried on spiral springs; an 
ink pencil attached to the bucket makes a trace along 
the zero line at the top of the record sheet when the 
bucket is empty. Precipitation falling into the funnel is 
carried by a tube to the bucket below; the funnel is 
warmed by the office below and also by a lamp (now a 
32-candlepower carbon electric lamp) which is kept burn- 
ing during snowfall so that such snow as is caught by the 
funnel is melted and flows into the bucket. As water 
flows into the bucket the springs are extended and the 
recording pen is carried down the sheet until the 0.50- 
inch mark at the bottom of the sheet is reached; at this 
point the weight of the water in the bucket is sufficient 
to overcome its stability, the bucket automatically emp- 
ties by tipping, and is then carried up by the springs 
until the pen again reaches the top of the record sheet. 
An adjustable weight is attached to the bucket and so 
placed that the tip occurs at the instant when the 0.50- 
inch mark is reached. After the bucket rises to the top 
of the record sheet, the water continues to flow in and the 
record of the next 0.50 inch is made in the same manner 
as the first. The record sheets are changed daily at noon, 
the same sheet being used repeatedly unless it has a 
record of precipitation. Only the sheets which have 
records of precipitation are filed, but a record is kept of 
days with rain so there is no doubt that the record is 
complete for the period since 1888. 

During the period of construction a rain gage of un- 
known type was used; this gage was placed in service 
December 2, 1880. The precipitation for November, 
1880, was estimated at half an inch at the time and ap- 
pears as such in Table 3. There is no record of the 
time at which the observations from the Draper gage 
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began; apparently the gage was in place early in 1886, 
but the first record sheet in the file is dated September 
30, 1888. The daily report shows that this was the 
second rain of the rainfall year beginning July 1, 1888; 
0.02 inch fell on August 29, 30, and 31. There are no 
records of stick measurements of rainfall, the amounts 
from the record sheets being reported to the Signal Service 
and, later, to the Weather Bureau. 

Records of snowfall and of snow on the ground are 
imperfect. Because of the exposed position of the 
observatory, snowfall measurements here are of very 
doubtful value. The relation between the amount of 
snow caught by the funnel of the rain gage and the 
actual snowfall has not been determined and such de- 
termination will be exceedingly difficult. The recorded 
aba 7 rm includes the water-equivalent of the snow 
caught by the funnel as this snow is at once melted and 
flows to the recording bucket. The questions of loss by 
evaporation during melting and of loss in the tube have 
never been studied here; but both these losses are prob- 
ably a small percentage of the necessary loss, due to wind 
during precipitation. 


Wind direction. 


During the period of construction the general wind 
direction for the day was at first estimated. With the 
beginning of the thrice-daily observations in July, 1888 
and probably since 1885, wind direction was observed 
by means of a vane about 11 feet long with a Weather 
Bureau type of head but a single board tail measuring 
about 54 feet long by 11 inches wide. This vane was 
mounted on a staff about 20 feet high, located directly 
over the Secretary’s office. (See E in fig. 4.) On July 
5, 1893, the vane was moved to the northeast corner of 
the tower by the Meridian Circle House; this location is 
shown by G in figure 4 and in figure 2. The new ex- 
posure probably gives the true direction of the wind more 
nearly than the old. The vane is mounted on a staff 7 
feet in height, making the vane 42 feet above the ground 
and 4,248 feet above sea level, referred to the bench on 
the marble floor of the observatory. The daily wind 
directions reported to the Weather ition have usually 
been computed from the records of wind direction at the 
observation hours. 


Wind velocity. 


Wind velocity has been recorded from dial readings of 
a Robinson cup-anemometer of the Signal Service pat- 
tern (arms about 7 inches to the centers of the cups). 
The anemometer was mounted on a staff about 20 feat 
high, above the root over the central pertion of the obser- 
vatory until May 27, 1891. Its then position with rela- 
tion to the building is shown by F in figure 4. The cups 
were 50 feet above the ground and 4,256 feet above the 
sea-level plane to which the bench mark on the marble 
floor refers. Since May 27, 1891, the exposure has been 
over the tower by the Meridian Circle House on a staff 
about 5 feet long. This exposure is shown by G in figure 
4, also by figures 2 and 3. The cups are 40 feet above 
the ground and 4,246 feet above sea level. The present 
exposure is probably good for all directions except the 
scutheast, the direction from which the strongest winds 
generally come. Comparisons between the exposure 
over the observatory and that over the tower (points 
F and G in fig. 4), made in January, 1895, when the wind 
was almost continuously from the southeast, indicate 
that the recorded velocities of the southeasterly winds 
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are considerably lower than the indicated velocities from 
the old exposure. The recorded velocities of south- 
easterly winds are also lower than the recorded velocities 
of winds of the same apparent force from other directions. 

All records of wind velocity are those recorded directly 
from the cup travel by the fixed ratio of the instrument 
(3:1) indicated by the dial as miles of wind movement. 
No attempt has been made to correct the dial readings 
to the true wind movement and velocity. In addition 
to the dial readings, wind travel has been recorded elec- 
trically on a Signal Service pattern anemograph (‘‘single 
register”); this register is located just west of the record- 
ing device of the rain gage in the vestibule of the Obser- 
vatory (C in fig. 4). The anemomeier and the single 
register were installed in 1884,° but the file of record 
sheets at present at the observatory begins with July 1, 
1888. Records of dial readings and total indicated wind 
travel begin October 1, 1886, and, except for periods when 
the anemometer was out cf service because of ice or 
other hindrances, are continuous from that date. Origi- 
nally the circuit to the single register was closed at every 
mile of indicated wind travel (one-third mile of cup travel) 
and a record made on the sheet. On June 7, 1889, some 
of the contact pins were cut off, so that the circuit was 
closed and the record on the sheet marked every fifth 
mile of indicated wind travel. 


NONINSTRUMENTAL OBSERVATIONS. 


A record of wind velocity on the Hazen scale is avail- 
able for the observation hours from July, 1888, to Sep- 
tember, 1903, in addition to the instrumental record 
of wind movement. 

The amount of cloud in tenths of the sky has been 
estimated at each observation hour since July 3, 1888; 
the occurrence of fog in the valleys below has also been 
recorded. Before July, 1888, there are occasional notes 
of the occurrence of fog, but no regular record seems 
to have been kept. The general character of the day 
has been reported from the record of the regular obser- 
vations, but there is no record aside from the regular 
observation hours. 

Records of occasional phenomena have also been 
entered from time to time on the reports and are recorded 
in the observation books. The completeness of these 
records has, however, varied widely with the individual 
observers. The necessities of the astronomical work 
of the observatory, which is its main business, have pre- 
vented a complete record except at the observation hours. 


OBSERVERS. 


The actual observations have been made for the most 

art by the members of the astronomical staff since 
July 1, 1888; before that time they were made chiefly 
by Mr. Thomas E. Fraser, the superintendent of con- 
truction. A full list of the observers, with the periods 
of their services will appear in a future publication of 
the observatory. 


METEOROLOGICAL CONSTANTS OF THE STATION. 


Table 2 shows in summarized form the principal 
changes, with dates, in the constants of the station. The 
instruments in service May 30, 1914, are listed in Table 2, 
which also states the instruments now on the property 





® See Publications of the Lick Observatory, 1887, 1, pt. 9, p. 80-81. 
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list of the Weather Bureau as loaned to the Director of 
the Lick Observatory. All elevations above sea level 
depend upon the value, 4,209.46 feet, adopted as the 
altitude of the bench mark on the marble floor of the 
observatory. 


TABLE 2.— Meteorological instruments in service May 30, 1914, at Lick 
Observatory, Mount Hamilton, Cal. 


{¢=37° 20’ N; A=121° 38’ W. H=4212 ft.; he 7 ft.; h-=33 ft.; H,=4239 ft.; 
H,= 4246 ft.; ha=40 ft.] 





Instrument. Pattern. Number. Maker. 
Mercurial barometer... . . ....-| Fortin cistern, 0.55-inch bore... .... 2839 , Green. 
eae Draper weighing mercurial........|.......... Draper. 
Dry-bulb thermometer....... Spherical bulb, Signal Service. .... 24154 | Green. 
Wet-bulb thermometer *. .... | Cylindrical bulb, Weather Bureau. 5975 | _ Do. 
Whirling apparatus*..... ch. ee ee eae Friez. 
Maximum thermometer......|..... _ Pe Sa ee e aeeee 888 | Green. 
Minimum thermometer......)..... Alda ca5 eens cbeedevesucseen 8915 Do. 
Thermograph *............... Richard, large size. .............2- 8990 | Richard. 
DN ooh. caccueatnen + ese Seer 14 | Friez. 

. ..) Sar Draper self-recording (weighing)...|.......... | Draper. 
Wind vane...... Se ON SEE ee iS Eee RS ens 
Anemometer. ................ UNE POU ico iis were nnnbosbonloakkauenet le ceteenwwe 
AMSMOGTAPN . .......cccecncce Signal Service single register. ......|.......... Hahl. 


* Property of the United States Weather Bureau. 
PRECIPITATION AND TEMPERATURE OF MOUNT HAMILTON. 


The monthly, seasonal, and annual rainfall of Mount 
Hamilton since the beginning of the record is shown by 
Table 3. The data are those observed by the observa- 
tory, but the results have been checked by the records of 
the United States Weather Bureau and all differences 
investigated by reference to the original observations. 
The only important differences are to be found in certain 
winter months where snowfall was indicated in the 
reports sent to the Weather Bureau at the date of the 
fall, but the catch of the rain gage, including melted snow, 
reported by storms only. In Table 3 the catch of the 
rain gage has been reported in all cases; this includes rain, 
melted snow, and precipitation from clouds surrounding 
the observatory which might be classed as fog at times; 
the record is that of the total iegistered catch of the rain 
gage and in most cases is probably under rather than 
over the actual precipitation owing to the exposed loca- 
tion of the gage. 


TABLE 3.— Monthly, seasonal, and annual precipitation at Lick 
Observatory, Mount Hamilton, Cal. (Inches.) 


(Ti, =4,239 ft.; h,=33 ft.] 
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Secon.) (B/E 2/6/68 | g/8lelel.}e/8]./3 

Slelele( ele elSlelElSielalals 

vf tlt inl eit le Meal fad Sell Ban bn” 8 Mi 
Kool }-j} | 
1880-81..| 0) 0; 0| 0 | 0.50 9.68 3.51) 5.99) 1.13, 0.98 0.09) 0.33:22. 21/1881) 23. 09 
1881-82..| 0 0 0.100.33| 0.91, 9.72. 3.55) 2.9(| 5.40 4.70, 0.48) 1.06.29. 15]1882) 29. 63 
1882-83..| 01 0| 0 16.16) 3.45 1.93) 3.10/ 3.75! 8.66) 2.6) 7.55] 0 |37.26]1883) 32.05 
1883-84.-] 0 | 0 0.652.15) 1.48 2.05, 5.6012. 76 16.35/11. 96 1.24) 3. 85/58. 09)1884 90. 12 
1884-85..| 0 0.15 .0.653.71| 0.01/33.84| 1.99 0.57 1.15| 2.08 0.16| 0.3644.671885) 18. 23 
1885-86..| 0 0 |0.150.05| 1.92 9.80| 4.44 1.80 5.77| 6.79 0.70] 0 |31.421886) 25. 26 
1886-87..| 0 | O| 0 0.60) 2.82) 2.34 2.83) 7.80 1.39] 5.75 0.25] 0.30124. 0891887) 30.93 
1887-88..|0.04, 0 |0.330.09| 0.90/11. 25 10.04 1.38 3.40) 0.68 1.25] 0.67/30. 03/1888) 25. 46 
1888-89..| 0 0.020. 490.03) 3.27) 4.23, 1.04 1.42 6.17) 1.92) 3.21] 0.05/21. 85]1889) 35. 84 
1889-90..| 0 | O| © /4.38| 4.46113.19 7.93) 6.60 4.39| 1.79 2.42] 0 /45.16{1890| 29.92 
1890-91... 0| 0 (0.800.02) 0.58] 5.39 1.38 7.12 4.10] 3.08) 1.01) 0.57/24. 0541891) 28.07 
1891-92..| 0 | 0 [0.280.61| 0.38) 9.54| 1.97) 2.99 5.98) 1.90 3.52] 0.32/27. 49}1892) 34. 16 
1892-93..| 0 | T. \0. 24/1. 38/10. 30| 5.56) 3.29, 3.45. 8.99 3.61| 0.95 0.1637. 93 1893) 29.18 
1893-94..| 0 | 0 0.480.66 4.01| 3.58) 9.74/10.52 2.54) 0.89) 2.78) 0.64/35. 84 1894) 44. 49 
1894-95. .|0.02, T. 1.64 2.98 0.84/11.90/10.00| 3.08 1.46 2.30 2.39, 0 (36.61 1895) 25.72 
1895-96..|0.01| © (0.080.78| 2.46] 3.16) 9.54| 1.08 3.83) 6.70 2.10) 0.02129. 76 1896) 36. 64 
1896-97..| T. (0.280.471.85, 5.85] 4.91) 3.50] 7.42 6.45, 0.82) 0.28) 0.38'32. 22 1897] 24.38 
1897-98..| 0 | 0 0.071.25 1.51] 2.70) 2.30] 4.16) 2.04 0.84) 2.41/ 0. 3817. 66,1898) 17. 11 
1898-99..] 0 | 0 |0.291.33| 1.23) 2.13! 5.63) 0.7511-11 1.40 1.47) 0.39125. 73'1899| 36. 32 
1899-00..| 0 0.12) T’. 3.37] 4.92] 4.16) 3.26] 1.70] 3.37 4.06 1.35] T. |29.31,1900| 27. 30 
1900-01 : |0. 01/0. 020. 08 3. 48) 7.76] 2.21) 5.76) 5.92, 1.98, 3.33) 1.07) 0. 02131. 64{1 901) 25.90 
1901-02..| 0 {0.05 1.08 2.19) 2.89] 1.61) 1.44] 9.14) 5.19] 2.61 1.19, 0 27. 3ohtoo2 27.78 
1902-03.:| 0 0 | ‘0 {2.09| 3.01| 3.11) 8.86] 2.201 9.89, 1.12 0.05, T. |30. 331903) 31.55 
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TaBLeE 3.— Monthly, seasonal, and annual precipitation at Lick 
Observatory, Mount Hamilton, Cal.—Continued. 
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1903-04.) 0| 0| T. |0.37) 7.67) 1.39]| 1.98) 9.53] 8.06 4.38 0.45 0.03183. 86/1904 35.21 
1904-05...) T. |0.05/2. 33/2. 51) 2.05) 3. 84]| 4.04) 3.89) 5.91) 1.36 2.27) 0 |28. 25 1905) 23. 04 
1905-06..| 0 0.02) 0 | 3.50) 2.05||11. 66) 5.76 9.72) 1.81) 3.15) 1.15/38. 82 1906) 45. 76 
1906-07..| 0 | T. |0. 2810.05) 1.92/10. 26|| 9.81) 4.69|12.90) 1.14] 0.42] 0.92/42. 39 1907| 39. 47 
1907-08..| T.| © |0.01/1.62 0.18) 7.77|| 5.02| 4.26) 1.95, 0.70) 2.39] 0.02/23. 93 1908) 21.30 
1908-09..| 0 | 0| 0 |1.37, 2.63] 2.96]|18. 18) 9.49] 4.05, 0.03, 0.13) 0 (38. 84.1909 43.11 
1909-10..| 0 | 0} 0 [1.77| 2.59) 6.87)| 6.24) 3.12) 3.28 0.91' 0.12) 0.07/24. 97,1910} 17. 70 
1910-11. .|0.04] © |0.25/1.06) 0.94] 1.77/15. 76| 4.37] 7.00 1.35| 0.75; 0 '8R. 29/1911 34.12 
1911-12..| 0 | O| © (0.46 1.21| 3.22]! 4.44) 0.50) 3.96 2.70 1.31) 0.44/18. 24 1912 20.92 
1912-13..| 0 | 0 |2.01/0.94 2.34) 2.28] 5.42) 0.48] 3.40 0.94) 1.60] 0.07)19. 48.1913} 23. 46 
1913-14. ./0.06/0.10} 0} 0) a4 6.05||11.57| 5.24 L.6I ~~ se | Romer: | po A 
Averagesi0. 1 0.02|0. 38/1.55 2. 82 6.07|| 6.03) 4.55] 5.37 2.62) 18d 0.34/31 30}... aes 
eo 
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The temperature data for Mount Hamilton have been 
compiled in Table 4. The data since July, 1888, have 
been compared with those published by the Weather 
Bureau, and are in Bbicitic s. agreement with them; in 
the few cases of disagreement the data for the months 
have been computed from the original record and the 
means derived from the new computation entered in the 
table; all additions have been made by an adding ma- 
chine. The averages have been determined from the 
means entered in the table. The extreme temperatures, 
presented in Table 5, have been compiled from the 
original records. Owing to the differences in the expo- 
sure conditions the extremes before October 1, 1885, 
have been separated from those observed since that date. 
This separation has not been made for the means, as it is 
probable that the difference between the older means 
and the true mean temperatures for those months is 
less than the error they introduce into the averages, and 
it is desired to show the complete record of the station. 


TaBLe 4.— Monthly and seasonal mean temperatures at Lick Observatory, 
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TaBLeE 5.—Eztreme temperatures at Lick Observatory, Mount Hamilton, 
Cal., from Sept. 11, 1880, to May $1, 1914 (°F.). 






































From September 11, 1880. From October 1, 1885. 
Month, 
Max. Date Min. Date. Max. Date. Min. Date. 
°F. °F °F. °F. 

ae 97| 14,1886 | 30 3,19021 97| 14,1886 | 30 3, 1902 
August....| 96]  17,1885| 34 16,1902} 93} 23,1888| 34 16, 1902 
September | 93| 1,1882/ 30| 25,1901] 1 { grids |} 30| 25,1901 
October...| 90} 12,1901; 28] 29,1901} 90] 12,1901 29, 1901 
November.| 88 12,13, 1892 13 19, 23, 1900 88 12, 13, 1802 13 19, 23, 1900 
December.) 72 { 6, 1900 } Ww { 20, 1911 } 72 { 6.1900 |f 27 20, 1911 
January...) 74 6,1893| 6| 14,1888} 74 6,1803 | 6 14, 1888 
February..| 74 18,1803; 12| 12,1884] 74 18,1893 | 13 4) 1899 
March... 80| 29,1881| 18] 14,1881) 76 -1887| 19 29, 1897 
April...... 82| 27,1881 | 21 13,1883} 80| 13,1888 | 22 12, 1911 
May....... 90/ 19,1881) 21 11901] 88| 31,1910| 21 1, 1901 
June....... 92 6,1883 | 29 3,1902] 90| 23,1895 | 29 3, 1902 

Year.| 97 | July 14/86; 6| Jan. 14/88] 97| July 14/86| 6/| Jan. 14/88 





Norte.—Since October 1, 1885, the exposure has been the same, 7 feet above the ground 
between the north walls of the Meridian Circle House. Before October 1, 1885, the expo- 
sure was in a box in the saddle about 200 yards northeast of Observatory Peak and 
about 70 feet lower. 


CONCLUSION. 


The meteorological record at Mount Hamilton has 
been kept continuously for nearly 34 years; during the 
last 284 years the exposure of the instruments, except the 
anemometer and vane, has been unchanged; and during 
the last 26 years the administration and the routine 
have remained unchanged. The record, therefore, fur- 
nishes a considerable body of data for a study of the 
mountain climatology of central California. It is espe- 
cially fortunate that a regular station of the Weather 
Bureau is situated at San Jose in the Santa Clara V alley, 
near the foot of the mountain; there are, consequently, 
available records of undoubted value for a comparison 
of the climate of the mountain with that of the valle 
below. Such a study is now contemplated by the Uni- 
versity of California and it is hoped that the results of 
the study will furnish a better understanding ot the 
climatology of the Coast Range region of this portion of 
the State than has been possible heretofore. 





THE NEGLECT OF ATMOSPHERICS. 


The great neglect of the study of the atmosphere, both 
by students and teachers in universities and colleges, as 
compared to the study of other subjects that are less im- 
portant to the human race, is common both to Europe 
and America. It can only be explained by a recognition 
of the fact that the study of the atmosphere in general 
has not yet been pushed to such a degree as to have at- 
tained great practical importance in the business inter- 
ests of the world. We have not yet learned to control 
the storms or to make detailed, accurate long-range 
predictions of wind and weather. But the rapid ap- 
proach of this desirable attainment will be greatly facili- 
tated and indeed absolutely assured, when the study is 
taken up in earnest from the point of view of the experi- 
mental physicist rather than that of merely observational 
climatology. The mind, the brain, the intellect, not 
brawn and muscle, are the powers that Man must use in 
his search for the keys that will open the flood gates of 
the clouds and the winds. 

The rapid progress of our knowledge of the upper 
atmosphere, experimental work with balloons, the prog- 
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ress in aeronautics, all point to the fact that the scientific 
study of the atmosphere needs to be rapidly advanced in 
order to keep up with the branches of practical work and 
the business enterprises that these have instigated. 
fo. A.] 


THE WEATHER VERSUS COAL-MINE DISASTERS. 


The great loss of life attending the operation of our 
mines many years ago led to the appeintment of com- 
missions to see what could be done to diminisi or prevent 
such accidents, which were said to be due to the sudden 
exhalation of gases within the mines and their explosion 
by contact with the miners’ lamps. It was even thought 
that forecasts of low atmospheric pressure might be made 
useful to the miners. 

The a state of our knowledge of this subject is 
shown by the following extracts from letters communi- 
cated by the Acting Director of Mines, at Washingion, 
a ©. 

_The matier of the possibility of giving warning to mine managers at 
times of low barometer has been carefully considered by the staff of 
the Bureau. The investigations both in this country and abroad do 
not justify the belief that any particular relation can be established 
between explosions of fire damp and the low barometric conditions. 
It is believed that those are in error who think that the contrary has 
long been recognized. The Royal Commission on Explosions in Mines 
deprecated the issuance of colliery warnings by the Meteorological 
Service of Great Britain. Compilations of statistics of explosions have 
shown no increased dangers from low barometric conditions; in fact, 
in some cases the opposite has been indicated, but this seems probably 
a matter of chance. 

It is true that if gas is allowed to accumulate in the open workings 
of mines it will tend to come out when there is low atmospheric pressure, 
but the accumulation of fire damp in old workings is not usual in the 
mines of this country. On the other hand, in active workings where 
gas is encountered, in almost all cases it issues at a vastly greater pres- 
sure than atmospheric; sometimes it will be several times atmospheric 
pressure, and, therefore, any slight differences in the atmospheric pres- 
sure could not possibly affect its issuance. 

As far as the Dr. Haber fire-damp signal is concerned, that is not for 
forecasting, but it is to make known when there is a dangerous accumu- 
lation of fire damp. It depends upon the difference of density of fire 
damp as compared with air, which is manifested through a difference 
in tone of two whistles. In correspondence it does not appear that the 
device has reached a stage where it can be considered practicable; nor 
does Dr. Haber claim that it will show less than 1 or 2 per cent, which is 
shown by the ordinary safety lamp. 


\ later note from the Acting Director states: 


It may be further mentioned that, while the engineers of the Bureau 
do not believe that it is wise to attach too much importance to the 
effect of low barometer, yet they are by no means neglecting to obtain 
the records in every case, after a mine explosion, from the Weather 
Bureau, supplemented by local records where such are to be had and, 
further, they are continuing to study this situation in gaseous mines 
whenever opportunity presents. Therefore the opinions expressed 
in the letter above mentioned must be considered tentative. 


THE ULTIMATE CAUSE OF OUR WEATHER. 


During the past two centuries meteorology has become 
2 mass of observational data. From this we have com- 
piled numerous statistical averages of the data in refer- 
ence to time, locations, the position of the sun, and 
numerous other interesting and instructive relations. 
Everything seems tending toward the realization of 
man’s hopes, viz, the de‘ermination of the reasons for 
the existence of this variable weather and its eventual 
forecasting. Our hypotheses and theories are plausible 


and rational, but we are still almost as far from the goal 
as our colleagues the magneticians. 
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In a recent lecture by Dr. L. A. Bauer, he concludes by 
some remarks: 


THE CAUSE OF THE EARTH’S MAGNETISM. 


Possibly by this time, if not before, you may have said to yourselves: 
“Granted that the compass needle points north and south because the 
earth itself is a magnet, what, in turn, causes the earth’s magnetism, 
why are the magnetic poles not only not situated at the geographical 
poles, but not even diametrically opposite one another; or why, instead 
of wandering to and fro with the lapse of time, do not the magnetic 
poles remain fixed in position?” Lest any of these questions should 
cause you sleepless nights, let me say that, for the present at least, it 
would appear the better policy to confess ignorance. We may also 
take comfort in the fact that if the student of the earth’s magnetism 
has not yet discovered the true cause of his science, neither has the 
investigator of magnetism, in general, been able as yet to answer the 
question: “‘What is a magnet?” 

The most famous astronomer of his time, Simon Newcomb, one day 
entered the office of the associate editor of the Standard Dictionary, 
expressing his dissatisfaction with the tentative definitions for the 
words “magnet” and ‘“‘magnetism,’’ as based, in the absence of authori- 
tative knowledge of the causes, simply upon the properties manifested. 
He was promptly requested to try his own hand. After writing and 
erasing alternately for an hour or more, he finally, with a hearty laugh, 
submitted the following pair of definitions: ‘‘Magnet, a body capable 
of exerting magnetic force.’’ ‘Magnetic force, the force exerted by 
amagnet.’’ Equivalent definitions will be found in Ambrose Bierce’s 
“Devil’s Dictionary” and, in explanation, the author cynically 
remarks that they were ‘‘condensed from the works of 1,000 scientists 
who have illuminated the subject with a great white light, to the inex- 
pressible advancement of human knowledge.’’ 

But after all, it would seem that it is not so much the Why and 
Wherefore as the Therefore by which human progress is most advanced. 
Man, as the astronomer Littrow jokingly remarked, is ‘‘das Ursachen- 
Thier” who is ever incited and stimulated by his inquisitiveness as 
to the cause of things. Though he may never determine the ‘“ End- 
ursachen’’ or ultimate causes, his inquiries lead him to acquire a vast 
amount of data with the aid of which he at least finds out the laws 
governing the phenomena under investigation. 

The accumulation of data must at present be the chief aim of the 
student of the earth’s magnetism. Perhaps no other subject can furnish 
more instances that, while theories as to the Why and Wherefore, 
though propounded by the most enlightened of the age, are short 
lived, the facts accumulated by observation and experience remain as 
permanent acquisitions to the storehouse of human knowledge. 


THE PLANETS AND THE WEATHER. 
By W. J. Humpureys, Professor of Meteorological Physics 


{Dated, U. 8. Weather Bureau, Washington, July 9, 1914.] 


The weather and all its endless and manifold changes 
ultimately depend upon the reception and emission of 
radiant energy by the atmosphere and the surface of 
the-earth. It is the eternal ebb and flow and ceaseless 
readjustment to equality of these two streams of energy 
that determine the temperatures of the atmosphere and 
establish its every temperature gradient. It is these, 
in turn, temperature and temperature differences, that 
give us evaporation, condensation, pressure gradients, 
wind velocities, and all or nearly all other elements of 
weather and weather changes. 

Hence, nothing can influence the weather that has 
no effect on either of these energy streams. Conversely, 
everything that does modify these streams, either gen- 
erally or locally, has a corresponding control over all 
weather elements and the climates of all places. 

Do the planets, then, in any way affect the amount 
or distribution of radiant energy received by or lost 
from the earth? If they do, in that proportion, and 
in no greater, they obviously determine the weather and 
control its changes. 

Now, there are just two known ways by which the 
planets can change the amount, but not the distribution, 
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of radiation reaching the earth, and, therefore, its tem- 
perature and other weather factors: (1) By changin 
their own brightness, through change of distance an 
phase; (2) by changing the earth’s distance from the 
sun through the perturbations they produce in its orbit. 
Change in planetary brightness.—The approximate ef- 
fect of the first of these factors—change in the planetary 
brightness—is easily calculable. The light of all the 
lanets, each at its maximum, is approximately that 
of 260 stars of the first magnitude, as the accompanying 
table shows, Venus alone contributing the light of about 
209 such stars. On the other hand, the light of the sun 
is equal, roughly, to that of 73,000,000,000 first magni- 
tude stars. 
TABLE 1.—Relative brightness of the planets. 











Equivalent 

Stellar 4 

Name. ve Date. in first mag- 

magnitude. nitudestars. 
wings Wibenens tcdeeaneaseegaucnatal —1.9 | May 1, 1915....... 14.5 
WEG yi Geads sc cscctdccisveieskageuess —4,8 | Dec. 27, 1914-Jan. 209. 0 

6, 1915. 
DEE acc scccseeestebeeeed eoeanenarenee —1.3 | Jan. 3-5, 1914...... 8.3 
Pc hbk vntsravenien snShiaeseaean ion —2.5 | Sept. 4-25, 1915 25.0 
I ciinik ctivking dn ce 6nssehecabenddenenat —0.3 | Dec, 16-25, 1914 3.3 
oe, oe SE er rte 6.0 | Opposition. ....... 0. 01 
ee ere Semen at tet Vetoes a 0. 











Venus and Mercury, being inner planets, change in 
brilliancy from maxima of the equivalent of about 210 
and 15 first-magnitude stars, respectively, to minima that 
are at times actually zero. Mais changes the equivalent 
of about 8 stars of the first magnitude, Jupiter about 14, 
Saturn 1.5, Uranus and Neptune practically 0. Hence 
the total possible change is in the neighborhood of the 
equivalent of 240 fiist-magnitude stars, though the 
actual change is rarely greater than the equivalent of 230 
such stars; that is, as simple division will show, a 
change in the total incoming and, assuming equilibrium, 
also in the outgoing radiation of 1 part in 300,000,000 is 
the utmost limit. The percentage change, however, in 
the outgoing energy, since the earth radiates very neatly 
as a black body and therefore in proportion to the 4th 
power of its absolute temperature, is approximately four 
times the percentage change of this absolute temperature. 
Hence the planets, through their variations in brightness, 
can alter the absolute temperature of the earth by only 1 
part in 1,200,000,000. But the absolute temperature of 
the earth as a full radiator, its planetary temperature, is 
about 485°F., and therefore the above change can 
seldom exceed 0.000 000 4°F., or, say, one two-millionth 
of a degree F. at the surface of the earth—surely a 
negligible amount. 

Change in earth’s distance from the sun.—The second 
factor, however, the change of the earth’s distance from 
the sun due to perturbations in its orbit caused by the 
planets, is, as we shall see, of much greater consequence, 
though it, too, is practically negligible in amount. 

Jupiter changes the distance of the earth from the sun 
by about 1 part in 20,000; Venus and Mars each by about 
1 part in 90,000; and the other planets by amounts so 
much smaller that their action may, in this case, be 
neglected. Since the perturbative effects of an inner 
planet on the course of the earth are more or less opposite 
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to those due to an outer planet, especially at or near the 
times of their maxima, it will be sufficiently accurate to 
assume that the total change in the earth’s distance from 
the sun, due to the combined action of all the planets, 
seldom is greater than 1 part in 17,000 of its average 
distance. ; 

But the amount of radiation received by the earth from 
the sun varies inversely as the square of the distance 
between them. Hence the above change in this distance 
causes a change of 1 part in 8,500 of the earth’s incident 
energy, and therefore, as already explained, one-fourth 
this latter fraction, or 1 part in 34,000, in its black-body 
absolute temperature of 485°F. Hence perturbations in 
the earth’s path, due to the gravitational actions of the 
planets, may occasionally alter its temperature as a full 
radiator by 0.014°F., or the actual suited temperature, 
under the most favorable circumstances, possibly by as 
much as 0.02°F. Ordinarily, though perhaps not always, 
this too, so far as weather and climate are concerned, is 
a negligible temperature range. 

So far as known, these are the only effects planets have 
on terrestrial weather and terrestrial climate. They are 
real and definitely calculable even though the one is 
always negligible and the other at least generally so. 
They therefore have nothing in common with the astro- 
logical or other nonsense that seems usually to be in the 
minds of those who insist that the planets do greatly influ- 
ence or even control our weather and our climates. 

The moon.—A word or two about the moon may also 
be interesting in this connection. The light of the full 
moon is the equivalent of about 128,000 stars of the first 
magnitude, and therefore by its radiation alone may, as a 
little calculation will show, change the earth’s planetary 
temperature by 0.0002°F., or the surface temperature by, 
sa 5 .00025°R 

ut the moon and the earth rotate about their common 
center of gravity, a point some 3,000 miles from the center 
of the earth, and in this way the moon every month 
changes the earth’s distance Hein the sun by approxi- 
mately 6,000 miles. This in turn, as one may easily com- 
pute, changes the earth’s planetary temperature by about 
0.015°F., or its surface temperature by about 0.02°F. 
That is, it changes the suriace temperatures through 
ranges whose maxima are approximately 0.01°F. on 
either side of the normal. 

Both these lunar effects on the earth’s temperature run 
their course once each lunar month, while the stellar 
effects are of much longer period. The chief stellar effect, 
being caused by the perturbations due to Jupiter, has a 
period of about 13 months. 

The above, of course, does not exhaust all possible rela- 
tions be:ween the moon and weather, especially the 
weather of certain localities. It is known that not only 
the tides but also many ocean currents are more or less 
affected by the movements of the moon, and it is held by 
some earnest workers on this subject that these changes 
in turn either cause or are accompanied by small but 
measurable changes in the local weather of certain places. 
But this tidal effect is another story. It is only hinted 
at here with the object of guarding against the assumption 
that, as a scientific subject, it deserves to be dismissed 
with a “tut, tut” or a “ pooh-pooh.” 
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THE THUNDERSTORM AND ITS PHENOMENA. 
By W. J. Humpsreys, Professor of Meteorological Physics. 
[Dated, Weather Bureau, Washington, D.C., July 17, 1914.) 


Introduction—A thunderstorm, as its name implies, 
is a storm characterized by thunder and lightning, just 
as a dust storm is one characterized by a great quantity 
of flying dust. But the dust is never in any sense the 
cause of the storm that carries it along, nor, so far as 
known, does either thunder or lightning have any influ- 
ence on the course—genesis, development, or termina- 
tion—of even those storms of which they form, in some 
respects, the most important features. No matter how 
impressive nor how terrifying these phenomena may be, 
they never are anything more than mere incidents to or 
products of the peculiar storms they accompany, as 
will be made clear by what follows. In short, they are 
never in any sense either storm-originating or storm- 
controlling factors. 

Origin of thunderstorm electricity. A knowledge, or at 
least a good working hypothesis, of how the great amount 
of electricity incident to thunderstorms is generated, is 
absolutely essential to their logical explanation; that is, 
to a clear understanding of the probable interrelations 
between their many phenomena. Fortunately such an 
hypothesis, or theory, rather, since it is abundantly sup- 

orted by observations and by laboratory experiments, 
is available as a result of work done on this subject in 
India by Dr. G. C. Simpson (1) of the Indian Meteoro- 
logical Department. 

Dr. Simpson’s observations, just referred to, were 
obtained at Simla, India, at an i seatnn of about 7,000 
feet abeve sea level, and covered all of the monsoon sea- 
sons, that is, roughly, April 15 to September 15, of 1908 
and 1909. He also cbtained observations of the elec- 
trical conditions of the snow at Simla during the winter 
of 1908-9. 

A tipping-bucket rain gage gave an automatic con- 
tinuous record of the rate and time of rainfall, while a 
Benndorf (2) self-registering electrometer marked the sign 
and potential of the charge acquired during each two- 
minute interval. A second Benndorf electrometer regis- 
tered the potential gradient near the earth, and a coherer 
of the type used in radiotelegraphy registered the occur- 
rence of each lightning discharge. 

All obvious sources of error were examined and care- 
fully guarded against. Hence it would seem that the 
conclusions drawn from the thousands of observations 
given in the memoir are fully justified; and especially so 
since several independent series of similar observations 
made at different times, by different people, and at 
places widely separated, have given confirmatory results 
in every case. Simpson’s records show that— 

(1) The electricity brought down by the rain was sometimes positive 
and. sometimes negative. 

(2) The total quantity of positive electricity brought down by the 
rain was 3.2 times greater than the total quantity of negative elec- 
tricity. 

(3) The period during which positively charged rain fell was 2.5 
— longer than the period during which negatively charged rain 
ell. 

(4) Treating charged rain as equivalent to a vertical current of 
electricity, the current densities were generally smaller than 4107 
amperes per square centimeter; but on a few occasions greater current 
densities, both positive and negative, were recorded. 

(5) Negative currents occurred less frequently than positive cur- 
rents, and the greater the current density the greater the preponderance 
of the positive currents. 

(6) he charge carried by the rain was generally less than 6 electro- 
static units per cubic centimeter of water, but larger charges were 
occasionally recorded, and in one exceptional storm (May 13, 1908) 


———— charge exceeded 19 electrostatic units per cubic centi- 
meter. 
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(7) As stated in paragraph (3) above, positive electricity was 
recorded more frequently than negative, but the excess was the less 
marked the higher the charge on the rain. 

(8) With all rates of rainfall positively charged rain occurred more 
frequently than negatively charged rain, and the relative frequency of 
positively charged rain increased rapidly with increased rate of rain- 
fall. With rainfall of less than about 1 millimeter in two minutes, posi- 
tively charged rain occurred twice as often as negatively charged rain, 
while with greater intensities it occurred 14 times as often. 

(9) When the rain was falling at a less rate than about 0.6 millimeter 
in two minutes, the charge per cubic centimeter of water decreased as 
the intensity of the rain increased. : 

(10) With rainfall of greater intensity than about 0.6 millimeter in 
two minutes the positive charge carried per cubic centimeter of water 
was independent of the rate of rainfall, while the negative charge car- 
ried decreased as the rate of rainfall increased. Y 

(11) During periods of rainfall the potential gradient was more often 
negative than positive, but there were no clear indications of a relation- 
ship between the sign of the charge on the rain and the sign of the 
potential gradient. : Mi 

(12) The data do not suggest that the negative electricity occurs more 
frequently during any particular period of a storm than during any 
other. 

Concerning his observation on the electrification of snow 
Dr. Simpson says: 

As far as can be judged from the few measurements made during the 
winter of 1908-9 it would appear that: 

(1) More positive than negative electricity is brought down by snow 
in the proportion of about 3.6 to 1. . 

(2) Positively charged snow falls more often than negatively charged. 

(3) The vertical electric currents during snowstorms are on the aver- 
age larger than during rainfall. 

(4) The charge per unit mass of precipitation is larger during snowfall 
than during rainfall. 

While these observations were being secured a number 
of well-devised experiments were made to determine the 
electrical effects of each obvious process that takes place 
in the thunderstorm. 

Freezing and thawing, air friction, and other things 
were tried, but none produced any electrification. 
Finally, on allowing drops of distilled water to fall through 
a vertical blast of air of sufficient strength to produce 
some spray, positive and important results were found, 
showing: 

(1) That breaking of drops of water is accompanied by the production 
of both positive and negative ions. 

(2) That three times as many negative ions as positive ions are 
released. 

Now, a strong upward current of air is one of the most 
conspicuous features of the thunderstorm. It is always 
evident in the turbulent cauliflower heads of the cumulus 
cloud, the parent, presumably, of all thunderstorms. 
Besides, its inference is compelled by the occurrence of 
hail, a frequent thunderstorm phenomenon, whose for- 
mation requires the carrying of raindrops and the grow- 
ing hailstones repeatedly to cold and therefore high alti- 
tudes. And from the existence of hail it is further 
inferred that an updraft of at least 8 meters per second 
must often occur within the body of the storm, since, as 
experiment shows, it requires approximately this velocity 
to support the larger drops, and even a greater velocity 
to support the average hailstone. 

Experiment also shows that rain can not fall through 
air of ordinary density whose upward velocity is greater 
than about 8 meters per second, or itself fall with greater 
velocity through still air; that in such a current, or with 
such a velocity, drops large enough, if kept intact, to 
force their way down, or, through the action of gravity, 
to attain a greater velocity than 8 meters per second with 
reference to the air, whether still or in motion, are so 
blown to pieces that the increased ratio of supporting 
area to total mass causes the resulting spray to be carried 
aloft or left behind, together with, of course, all original 
smaller drops. Clearly, then, the updrafts within a 
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cumulus cloud frequently must break up at about the 
same level innumerable drops which, through coales- 
cence, have grown beyond the critical size, and thereby 
according to Simpson’s experiments, produce electrical 
separation within the cloud itself. Obviously, under 
the turmoil of a thunderstorm, its choppy surges and 
pulses, such drops may be forced through the cycle of 
union (facilitated by any charges they may carry) and 
division, of coalescence and disruption, from one to many 
times, with the formation on each at every disruption, 
again according to experiment of a correspondingly 
increased electrical charge. The turmoil compels me- 
chanical contact between the drops, whereupon the 
charges break down the surface tension and insure 
coalescence. Hence, once started, the electricity of a 
thunderstorm rapidly grows to a considerable maximum. 

After a time the larger drops reach, here and there, 

laces below which the updraft is small—the air can not 

e rushing up everywhere—and then fall as positivel 
charged rain, because of the processes just explained. 
The negative electrons in the meantime are carried up 
into the higher portions of the cumulus, where they unite 
with the cloud particles and thereby facilitate their 
coalescence into negatively charged drops. Hence, the 
heavy rain of a thunderstorm should be positively 
charged, as it almost always is, and the gentler portions 
negatively charged which very frequently is the case. 

uch in brief is Dr. Simpson’s theory of the origin of 

the electricity in thunderstorms, a theory that fully 
accounts for the facts of observation and in turn is 
itvelf abundantly supported by laboratory tests and 
simulative experiments. 

If this theory is correct, and it seems well founded, it 
must follow that the one e-sential to the formation of the 
giant cumulus cloud, namely, the rapid uprush of moist 
air, is also the one essential to the generation of the 
electricity of thunderstorms. Hence the reason why 
lightning seldom if ever occurs except in connection with 
a cumulus cloud is understandable and obvious. It is 
simply because the only process that can produce the one 
is also the process that is necessary and sufficient for the 
production of the other. 

The violent motions of cumulus clouds.—From observa- 
tions, and from the graphic descriptions of the few bal- 
loonists who have experienced the trying ordeal of pass- 
ing through the heart of a thunderstorm, it is known that 
there is violent vertical motion and much turbulence in 
the middle of a large cumulus cloud, a fact which so far 
as it relates to the theory alone of the thunderstorm, it 
would be sufficient to accept without inquiring into its 
cause. However, to render the discussion more nearly 
complete, it perhaps is worth while, since it is a mooted 
question, to inquire what the ee cause of the 
violent motions in large cumulus clouds really is—motions 
which, in the magnitude of their vertical components and 
degree of turmoil, are never exhibited by clouds of any 
other kind nor met with elsewhere by either volboon | 
sounding, or pilot balloons. 

It has been shown by von Bezold (3) that sudden con- 
densation from a state of supersaturation, and also sud- 
den congelation of undercooled cloud droplets, would, as 
a result of the heat thus liberated, cause an equally sud- 
den expansion of the atmosphere, and thereby turbulent 
motions analogous to those observed in large cumuli. 
However, as von Bezold himself points out, it is not evi- 
dent how either the condensation or the freezing could 
suddenly take place throughout a cloud volume great 
enough to produce the observed effects. Besides, these 
eruptive turmoils, whatever their genesis, undoubtedly 
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originate and run their course in regions already filled 
with cloud particles in the presence of which no appreci- 
able degree of supersaturation can occur. Hence the 
rapid uprush and the violent turbulence in question obvi- 
ously must have some other cause; and this we shall find 
in the difference between the actual temperature gradient 
of the surrounding atmosphere and the adiabatic temper- 
ature gradient of the saturated air within the cloud itself. 

Consider a warm summer afternoon, temperature 30° 
C., say, and assume the dew point to be 15° Now, the 
adiabatic decrease of temperature of nonsaturated air is 
about 1°C. per 100 meters change in elevation, and there- 
fore, under the assumed conditions, vertical convection of 
the surface air causes condensation to begin at an eleva- 
tion of approximately 1.5 kilometers. From this level, 
however, so long as the cloud particles are carried up with 
the rising air, the rate of temperature decrease, for at 
least a couple of kilometers, is much less—at first about 
one-half the previous rate. After a considerable rise 
above the level of initial condensation, half a kilometer, 
say, the raindrops have so increased in size as to lag 
behind the upward current and even to drop out, while, 
at the same time, the amount of moisture condensed per 
degree fall of temperature grows rapidly less. Hence, 
for both reasons—because the heat of the condensed 
water is no longer available to the air from which it was 
condensed, the drops having been left behind, and because 
but little latent heat is to be had from further condensa- 
tion, there being but little water vapor left—the rate of 
temperature decrease again approaches the adiabatic gra- 
dient of dry air, or 1°C. per 100 meters change of eleva- 
tion. 

Obviously, then, for some distance above the level at 
which condensation begins to set free its latent heat, 
the temperature of the rising mass of moist air departs 
farther and farther from the temperature of the sur- 
rounding atmosphere at the same level, and therefore 
its buoyancy for a time as steadily increases. But, of 
course, as explained above, this increase of buoyancy 
does not continue to any great altitude. 

In the lower mye ape continuous and progressive 
convection builds up the adiabatic gradient so gradually 
that no great difference between the temperature of the 
rising Maen and that of the adjacent atmosphere is 
anywhere possible. Hence, under ordinary conditions, 
the uprush in this region is never violent. But whenever 
the vertical movement of the air brings about a consider- 
able condensation it follows, as above explained, that 
there is likely to be an increase in its buoyancy, and hence 
a more or less rapid upward movement of the central 
portion, like air up a heated chimney, and for the same 
reason, together with, because of viscosity, a rolling and 
turbulent motion of the sides, of the type so often seen in 
towering cumulus clouds. Obviously, too, the uprushin 
column of air must ascend somewhat beyond its point of 
equilibrium, and then, because slightly undercooled, 
area aan drop back. 

Figure 1, based upon approximately average condi- 
tions, illustrates the points just explained. The elevation 
is in kilometers and the temperature in degrees centi- 
grade. 

AB is the approximate temperature gradient for non- 
saturated air, about 1°C. per 100 meters change in 
elevation. GCKDEF is the supposed temperature gra- 
dient before convection begins, or a decrease, in accordance 
with observations, of 6° C., approximately, per kilometer 
increase of elevation, except near the surface, where the 
temperature decrease, before convection has begun, 
ordinarily is less rapid. 





350 


As convection sets in, the temperature decrease near the 
surface soon approximates the adiabatic gradient for dry 


air, and this condition extends gradually to greater 
altitudes, till, in the assumed case, condensation begins 
at the ievel 0, or where the temperature is 15°C. Here 


the temperature decrease, under the assumed conditions, 
suddenly changes from 10°C. per kilometer increase of 
elevation to rather less than half that amount, but slowly 
increases with increase of altitude and consequent de- 
crease of temperature. At some level, as L, the tempera- 
ture difference between the rising and the adjacent air is 
a maximum. At D the temperature of the rising air 
is the same as that of the air adjacert, but its momentum 
presumably carries it on to some such level as H. Within 
the rising column, then, the temperature gradient is 
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Fia, 1.—Temperature gradients within (CLD) and without (CKD) cumulus clouds. 


approximately given by the curve ACLDHE, while the 
temperature gradient of the surrounding air is given 
by the curve ACKDEF. 

The cause, therefore, of the violent uprush and tur- 
bulent condition within large cumulus clouds is, pre- 
sumably, the difference between the temperature of the 
inner or warmer portions of the cloud itself and that of 
the surrounding atmosphere at the same level, as indi- 
cated by their respective temperature gradients CLD and 
CKD. Clearly, too, while some air must flow into the 
condensation column all along its length, the greatest 
pressure difference, and, therefore, the greatest inflow, 
obviously is at its base. After the rain has set in, how- 
ever, this basal inflow is from immediately in front of 
the storm, and necessarily so, as will be explained later. 

Convectional instability —Rapid vertical convection of 
humid air, as we have seen, is essential to the production 
of the cumulus cloud and, therefore, to the generation of 
the thunderstorm, Hence it is essential to consider the 
conditions under which the vertical temperature gradient 
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necessary to this convection can be established. These 
are: 

1. Strong surface heating, especially in regions of light 
winds; a frequent occurrence. 

The condition that the winds be light is not essential, 
or, perhaps, even favorable to the genesis of all thunder- 
storms—only the local or heat variety, and favorable to 
these simply because heavy winds tend to prevent the 
formation of isolated rising columns of air, the progenitors 
of this particular type of storm. 

2. The overrunning of one layer of air by another at a 
temperature sufficiently lower to induce convection, well- 
nigh the sole cause of ocean thunderstorms and also of 
frequent occurrence on land. 

3. The underrunning and consequent uplift of a satu- 
rated layer of air by a , ate layer; a frequent occurrence 
to a greater or less extent and, presumably, therefore at 
least an occasional one of sufficient magnitude to produce 
a, thunderstorm. 

Here the underrunning air lifts both the saturated 
layer and the superincumbent unsaturated layer, and 
thereby forces each to cool adiabatically. But as both 
layers are lifted equally while, because of the latent heat 
of condensation, the saturated layer cools much slower 
than the dry, it follows that a sufficient mechanical lift of 
a saturated layer of air would establish between it and the 
nonsaturated layer above a superadiabatic temperature 
gradient and thereby produce local convection, cumulus 
clouds, and, perhaps, a thunderstorm. 

Periodic recurrence of thunderstorms.—While thunder- 
storms may occur at any hour of any day they neverthe- 
less have three distinct periods of maximum occurrence: 
a, daily, b, yearly, and c¢, irregularly cyclic. Each maxi- 
mum depends upon the simple facts that the more humid 
the air and the more rapid the local vertical convections 
the more frequent and bi the more intense the thunder- 
storms, for the obvious reason that it is rapid vertical 
convection of humid air that produces them. 

Daily land Al mk convection of the atmos- 
here over land areas is most pronounced when the sur- 
ace is most heated; that is, during afternoons. Hence 

the hours of maximum frequency of inland or continental 
thunderstorms are, in most places, 2 to 4 p. m. 

Daily ocean period.—Because of evaporation and of the 
high specific heat of water the surface temperature of the 
ocean increases but little during the day, and because of 
convection it decreases but slightly at night. Indeed, 
the diurnal temperature range of the ocean surface usually 
is but a small fraction of one degree C., while that of the 
atmosphere at from 500 to 1,000 meters elevation is sev- 
eral fold as great (4). Hence those temperature gradients 
over the ocean that are favorable to rapid vertical con- 
vection are most frequent during the early morning hours, 
and, therefore, the maximum of ocean thunderstorms 
usually occurs between midnight and 4 a. m. 

Yearly land period.—Just as inland thunderstorms are 
most frequent tata the hottest hours of the day, so too, 
and for the same reason, they are, in general, most fre- 
quent over the land during the hottest months of the 
year, or, rather, during those months when the amount 
of surface heating and, therefore, the vertical tempera- 
ture gradient is a maximum. 

Hence, in middle latitudes, where there are no late 
spring snows to hold back the temperatures, the month of 
maximum frequency often is June. In higher latitudes, 


where the strong surface heating is more or less delayed, 
the maximum occurs in July or even August. 

Yearly ocean period.—Over the oceans, on the other 
hand, temperature gradients favorable to the genesis of 
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thunderstorms, and, therefore, the storms themselves, 
occur most frequently during the winter and least fre- 
quently during the summer. ‘This is because the tem- 

erature of the air at some distance above the surface, 

eing largely what it was when it left the windward coati- 
nent, greatly changes from season to season while that of 
the water, and, of course, the air in contact with it, changes 
but little through the year. That is, over the oceans the 
average decrease of temperature with increase of eleva- 
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the same relation to the annual average windward tem- 


perature that the total annual precipitation over the en- 
tire world does to the annual average world temperature. 
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In each case the amount of evaporation or amount of 
water vapor taken into the atmosphere, and, therefore, 
the amount of subsequent precipitation, clearly must in- 
crease and decrease with the temperature. An excellent 
test and complete support of this deduction is furnished 
by figure 2, in which the full line represents the smoothed 
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Fig. 2.—Relation of European rainfall to eastern U. 8. temperature. 


tion obviously is least and, therefore, thunderstorms few- 
est in summer, and greatest, with such storms most 
numerous, in winter. 

Cyclic land period.—Since thunderstorms are accom- 
panied by rain and since over land they are most numer- 
ous during summer, it would appear that they must oc- 
cur most frequently either in warm or in wet years and 
least frequently in cold or in dry years. Further, if it 
should happen, as it actually does, that, for the earth as 


annual European precipitation (5), and the dotted line 
smoothed annual average eastern American temperatures. 

Beyond a reasonable doubt, therefore, for the world as 
a whole, warm years are wet and cold ones are dry. 
Hence, as above stated, it is practically certain that the 
maxima of thunderstorms occur during years that are 
wet, or warm, if we prefer, for the two are synchronous, 
and the minima during years that are dry, or cold. A 
partial and, so far as it goes, a confirmatory statistical 
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Fic. 3.—Relation of annual number of thunderstorm days. to total annual precipitation—Holland. The uppermost, wavy curve shows the variation in the smoothed numbers 
of destructive thunderstorms in Germany. 


a whole, warm years are also wet years and dry years 
cold years, it would appear logically certain that, for the 
entire world, the maximum reise of thunderstorms 
must belong to the years that are wet and warm and the 
minimum to those that are cold and dry. 

A complete statistical examination of these statements 
is not possible, owing to the fact that meteorological data 
are available for only portions of the earth’s surface and 
not for the whole of it. Nevertheless, well-nigh conclu- 
sive data do exist. The annual rainfall, for instance, to 
the leeward of a large body of water obviously must bear 


test of this conclusion is given by figure 3. The lower 
group of curves is based on an exhaustive study by Dr. 
von Gulik (6) of thunderstorms and lightning injuries in 
Holland. The continuous zigzag line gives the actual 
annual number of thunderstorm days and the continuous 
curved line the same numbers smoothed. The broken 
lines give, respectively, the actual and the smoothed values 
of the annual average precipitation. The upper curve 
represents the variations in the smoothed number of de- 
structive thunderstorms (7) (number of thunderstorm 
days not readily available) in Germany. 
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The original data on which this last curveis based indicate 
a continuous and rapid increase of thunderstorm destruc- 
tiveness. Presumably, however, this feature is real only 
to the extent that the country has become more densely 
populated and more thickly studded with destructible 
property. At any rate, this element has been omitted from 
the curve and only the variation factor retained. 
It will be noted that the curve of thunderstorm fre- 
uency for all Holland closely parallels the curve of 
understorm injury in all Germany. Hence, it seems 
safe to infer that the frequency of thunderstorms varies 
pretty much the same way over both countries, and, 
presumably, also over many other portions of Europe; 
that is, roughly as the rainiall varies, or, considering the 
world as a whole, roughly as the temperature varies. 
Additional statistical evidence of the relation between 
the annual number ot thunderstorms and the total annual 
precipitation, kindly assembled by the Climatological Divi- 
sion of the United States Weather Bureau, P. C. Day in 
charge, is shown by figure 4, in which the upper line gives, 
in millimeters, the smoothed average annual precipita- 
tions of 127 stations widely scattered over the whole of 
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Fig. 4.—Relation of annual number of thunderstorms, T, to total annual precipitation, 
P, United States. ; 


the United States, and the lower line the smoothed aver- 
age annual number of thunderstorms at these same sta- 
tions. It was thought at first that this relation might 
differ greatly for those portions of the United States 
whose climates are radically dissimilar, and for this reason 
the stations east of the one hundredth meridian provision- 
ally were classed separately from those west of it; but 
the results for the two sections, being substantially alike, 
show that for this purpose their division is entirely unnec- 
essary. 

As will be seen from the figure the statistics of only the 
past 10 years have been used. This is because the annual 
number of such storms reported rapidly decreases from 
1904 back to about 1890. Indeed, the annual number of 
thunderstorms reported per station during the past 10 
years is almost double the annual number per station 
(practically the same stations) from 1880 to 1890. The 
transition from the smaller to the larger number was due 
in great measure, doubtless, to an alteration in station 
regulations that changed the official definition of a thun- 
derstorm from ‘“‘thunder with rain’’ to “thunder with or 
without rain.”’ This, however, does not account for the 


fact that from 1890 to 1904 the average annual number 
of thunderstorms reported per station increased, at a 
nearly constant rate, almost 100 per cent. 


Either the 
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storms did so increase, which seems improbable, or else 
there was, on the average, an increase of attention given 
to this particular phenomenon. At any rate, so contin- 
uous and so great an increase in the average number of 
thunderstorms can hardly be accepted without abundant 
confirmation, and for this reason the earlier thunder- 
storm records provisionally have been rejected. 

Obviously a much closer relation between the number 
of thunderstorms and total precipitation would hold for 
some months and seasons than for others, but no such 
subgrouping of the data has been made, though, pre- 
sumably, it would give interesting results. The whole 
purpose of this portion of the study was to arrive at 
some definite idea in regard to the cyclic change of 
thunderstorm frequency, to see with what other mete- 
orological phenomena this change is associated, and, if 
possible, to determine its cause. 

Now, it is well known that the average temperature 
of the world as a whole follows in general the sun-spot 
changes, in the sense that the greater the number of 
spots the lower the temperature and the smaller the 
number of spots the higher the temperature. This 
regular relation, however, often is ome modified (8) 
by the presence in the high atmosphere of volcanic dust, 
one invariable effect of which is a lower average tem- 
perature. Hence, the warm and the cold periods are 
irregularly cyclic, and also irregular in_ intensity. 
Hence, also the annual amount of precipitation, the 
frequency of thunderstorms, and many other phenomena 
must perforce undergo exactly the same irregular cyclic 
variation. 

As already stated the statistical evidence bearing on 
these conclusions neither is nor can be complete, but the 
deductions are so obvious and the statistical data already 
examined so confirmatory that but little doubt can exist 
of their general accuracy. 

Cyclic ocean period.—The record of thunderstorms 
over the oceans is not sufficiently full to justify any con- 
clusions in regard to their cyclic changes. Possibly, as 
in the yearly and the daily periods, the ocean cyclic 
period may be just the reverse of that of the land, but 
this is not certain. 

Geographic distribution.—The geographic distribution 
of the thunderstorm may safely be inferred from the fact 
that it is caused by the strong vertical convection of 
humid air. From the nature of its formation one would 
assume, and the assumption is supported by observa- 
tion, that the thunderstorm must be rare beyond either 
polar circle, especially over Greenland and over the 
Antarctic. continent, rare over great desert regions 
wherever situated, and, on the other hand, increasingly 
abundant with increase of temperature and humidity, 
and, therefore, in general, most abundant in the more 
rainy portions of the equatorial regions. The east coast 
of South America from Pernambuco to Bahia is said to 
be an exception. 

Pressure and temperature distribution.—In illustrating 
the occurrence of thunderstorms with reference to the 
disposition of isobars and isotherms, or the distribution 
of atmospheric pressure and temperature, typical weather 
maps of the United States,' figures 5-19, have been used, 
not because the thunderstorms of this country are dif- 
ferent in any essential particular from those of other 
countries, but chiefly as a matter of convenience in 
making the drawings. ‘To facilitate their study each of 
the several types discussed is illustrated with three con- 
secutive maps. ‘The first shows the 12-hour antecedent 


_! The author wishes to acknowledge the courteous cooperation of the Forecast Divi- 
sion, U.S. Weather Bureau, in selecting maps typical of thunderstorm conditions in 
the United States. 
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conditions, the second the particular pressure-tempera- 
ture distribution in question, and the third the 12-hour 
subsequent conditions. 


In these figures the isobars, in corrected inches of 
mercury, and the isotherms, in Fahrenheit degrees, are 
marked by full and by dotted lines, respectively. The 
legend “LOW” is written over a region from which, for 
some distance in every horizontal direction, the pressure 
increases. Similarly, the legend ‘‘HIGH”’ applies to a 
region from which, in every direction, the pressure de- 
creases. The arrows, as is customary on such maps, 
fly with the wind, while the state of weather is indicated 
by the usual U. S. Weather Bureau symbols. 

Obviously, the key to the geographic distribution of 
thunderstorms, vertical convection of humid air, is also 
the key to their location with reference to the existing 
distribution of barometric pressure. From this ‘stand- 
point the places of their most frequent occurrence are: 

a. Regions of high temperature and widely extended 
nearly uniform pressure. (See figs. 5, 6, and 7.) 

The conditions are still more favorable when the air 
is humid and the pressure, perhaps because of the 
humidity, slightly below normal or, at most, but little 
above normal. 

When the pressure is approximately uniform the winds 
are light pond oes opportunity is given for the surface 
air to become strongly heated and thereby finally to 
establish thunderstorm convections. Such storms, always 
favored by mountain regions, and particularly by steep 
mountain peaks and strongly heated valleys, are, of 
course, most frequent of summer afternoons and are espe- 
cially liable to occur at the end of two or three days of 
unusually warm weather. They develop here and there 
sporadically, hence the name ‘‘local”’ thunderstorm; last, 
as a rule, only an hour or two, and travel neither rapidly 
nor far. Those that form over mountain peaks often do 
not travel at all. The necessary initial convection is 
essentially, if not wholly, due to surface heating and 
therefore they frequently are referred to as ‘‘heat” 
thunderstorms. They are well-nigh the only type of 
thunderstorm in the tropics, and, perhaps, the most 
common type in the warmer portions of the temperate 
zones. : 

b. The southeast quadrant (Southern Hemisphere, 
northeast), or, less frequently, the southwest (Southern 
Hemisphere, sabeoeat}, of a regularly formed low, or 
Gubienineis storm. (See figs. 8, 9, and 10.) 

In this case the temperature gradient essential to a 
rapid vertical convection is not produced chiefly by local 
surface heating, as it is during the genesis of ‘‘heat”’ 
thunderstorms, but, in great measure, results from the 
more or less crossed directions of the under and over 
currents of air. The surface air of the quadrant in 
question normally flows from lower and warmer latitudes, 
while with increasing altitude the winds come more and 
more nearly from the west, or even northwest. This 
crossing of the air currents, then, the lower from warmer 
sections and the upperfrom regions not so much warmer 
possibly even colder—progressively increases the vertical 
temperature gradient, or rate of temperature decrease 
with increase of altitude, and therefore may frequently 
be, and doubtless often finally is, the determining cause 
of a rapid vertical convection and the formation of a 
thunderstorm. 

This particular type of thunderstorm, commonly known 
as the ‘‘cyclonic” thunderstorm, is almost wholly con- 
fined to the temperate and higher zones, for the simple 
reason that the well-defined cyclone, essential to its 
creation, seldom occurs in tropical or equatorial regions. 
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c. The barometric valley between the branches of a 
distorted or V-shaped cyclonic isobar. (See figs. 11, 12, 
and 13.) 

This region is also favorable to the formation of sec- 
ondary lows, which, though often of small area, some- 
times are intense even unto tornadic violence. 

Just how specific examples of this type of pressure 
distribution originated may not always be clear, but 
however established, each necessarily leads to opposing 
surface winds and also to more or less oppositely directed 
upper currents along adjacent paths; and each wind 
system, the lower and the upper, tends to produce an 
independent effect. Thus the opposing or conflicting 
surface winds cause such an irregular mixing of the air 
and such over and underrunning of currents as is likely 
to establish, here and there, a convection or thunder- 
storm gradient. Hence the frequency of thunderstorms 
along the valleys of low-pressure basins. On the other 
hand, the oppositely directed adjacent, not conflicting, 
upper currents by catching masses of air, especially 
rising masses, between them tend mechanically to pro- 
duce, in the middle atmosphere, violent vortices of limited 
extent. The more violent of these vertical atmospheric 
whirls, usually accompanied by thunder and rain and 
often extending down to the surface of the earth, where 
they become destructive, are known as_ tornadoes. 
Hence thunderstorms generated in the barometric region 
under discussion, the region in which tornadoes most 
frequently originate and develop, might properly be 
called ‘‘tornadic” thunderstorms. 

Atmospheric conflicts and turmoil, of the nature just 
described, obviously may occur at any place along the 
protrusion, or valley, of the low-pressure basin, and there- 
fore often do occur, even simultaneously, here and there, 
along its entire length, and together form the well-known 
“line squall.” Besides, as the whole cyclonic condition 
moves forward in general from west to east, maintaining, 
in a measure, for many hours its identity of form and 
nature, it follows that its valley of low pressure, and there- 
fore its line of thunderstorms, must also travel with it in 
the same general direction and with approximately the 
same velocity. 

A line or row of thunderstorms—a “line squall’’-—as 
observations show, always moves across its own axis, not 
necessarily at right angles, but nevertheless across and 
not parallel to it, nor even approximately so. The chief 
reason for this is not the axial direction of the low-pressure 
valley which, indeed, though usually running south, may 
have any orientation from the parent basin, but rather the 
fact that the valley itself, together with its accompanying 
thunderstorm conditions, travels across and not along its 
own direction. 

In this connection it is also worth noting that the tem- 
perature distribution in the wake of a thunderstorm ren- 
ders the occurrence of an immediate successor improbable, 
as will be explained later. Hence while a considerable 
number of thunderstorms may and often do travel abreast 
they can never follow each other closely in file. 

d. The region covered by a low-pressure trough between 
adjacent high-pressure areas. (Figs. 14, 15, and 16.) 

Along the adjacent borders of two neighboring anti- 
cyclones—that is, along the barometric trough between 
them—the surface winds from one side are more or less 
directly opposed to those from the other. Hence, because 
of the overrunning, as explained under c, and the resulting 
temperature gradients, this also is a region of frequent 
thunderstorms. Here, too, a number of more or less inde- 
—— storms may exist simultaneously along the same 
ine, and advance abreast for great distances across the 
country. 
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There does not appear to be any independent or dis- 
tinctive name for the thunderstorm generated under this 
type of pressure distribution. Perhaps it might, with 
some justification, be called the “anticyclonic” thunder- 
storm, or even the “trough” storm. 

e. The boundary between warm and cold waves. (See 
figs. 17, 18, and 19.) 

Along such a boundary the direction of flow of the 
warm humid layers of air is more or less opposite, as shown 
on the maps, to that of the colder ones. Therefore it 
must frequently happen that at irregular intervals along 
such a boundary the upper air, coming from the cold area, 
overruns a section of surface air belonging to the warm 
region; but, of course, only where the upper air is still 
potentially warmer than the lower—if potentially colder it 
would underrun. Now, wherever this overrunning on the 
part of the cold air does occur the vertical temperature 
gradient obviously is abruptly and greatly increased, and 
wherever, in the course of its further movement, the new 
gradient exceeds the adiabatic rate of temperature 
change, as analogous to case 6, it often must, under the 
given conditions, vertical convection with rain, thunder, 
and lightning is apt to occur. Hence, as stated, the 
boundary between warm and cold waves is another place 
favorable to the thunderstorm, which, under these con- 
ditions, possibly might be called the ‘‘border” storm. 

The + meee five distinct types of weather conditions, 
together with their innumerable variations and combina- 
tions, probably include all that are distinctly favorable 
to the production of thunderstorms. Each tends to 
establish an adiabatic or even superadiabatic temperature 
gradient up to the cloud level—the one thing essential to 
the production of a strong vertical convection, the pro- 
genitor, as we have seen, of the thunderstorm. 

Thunderstorm winds.—Shortly, say 20 minutes or 
so, before the rain of a thunderstorm reaches a given lo- 
cality the wind at that place, which generally is light and 
from the south or southwest across the path of the 
storm, begins to die down to an approximate calm and 
to change its direction. When this change is complete, 
it blows for a few minutes, rather gently, directly toward 
the nearest portion of the storm front, and finally, as the 
rain is almost at hand, again, but this time abruptly and 
in rather violent gusts, away from the storm and in the 
same direction that it is traveling, a direction that 
usually differs appreciably from that of the original sur- 
face wind. Generally this violent gusty wind lasts 
through only the earlier portion of the storm, and then is 
gradually but rather quickly succeeded by a compara- 
tively gentle wind that, though following the storm at 
first, frequently, after an hour or so, blows in the same 
general direction as the original surface wind. 

The cause of the thunderstorm winds needs to be care- 
fully considered if one would understand at all clearly the 
mechanism of the storm itself. 

As already explained, this type of storm owes its origin 
to that vertical convection which results from a more or 
less superadiabatic temperature gradient. It is this gra- 
dient, no matter how established, whether by simple sur- 
face heating or by the over and under running of un- 
equally heated layers of air, that permits, or rather forces, 
the production of the cumulus cloud in which and by the 
motions of which the electricity that characterizes the 
storm in question is generated. 

Nevertheless, as everyone knows, the passage of a 
cumulus cloud overhead, however large, so long as no 
rain is falling from it, does not greatly affect the direction 
and magnitude of the surface wind—does not bring on 





any of the familiar gusts and other thunderstorm phe- 
nomena. Hence we must infer that somehow or other 
the rain is an important factor both in starting and in 
maintaining the winds in question, for they do not exist 
before the rain begins nor continue after it has ceased. 
On the other hand, it cannot be assumed that the rain is 
the whole cause of these winds, for they do not accom- 
pany other and ordinary showers, however heavy the 
downpour may be. 

The actual course of events, illustrated by figure 20, 
taken from the records obtained at Washington, D.C., dur- 
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Fig. 20.—Course of meteorological elements on a thunderstorm day, at Washington, 
D. C. (July 30, 1913). 


ing the passage of the notable thunder squall of July 30, 
1913, seems to be about as follows: 

First. An approximately adiabatic temperature gradi- 
ent is established over a wide area, roughly up to the base 
level of the cumulus clouds. But while the uprising 
branches of the existing convection currents, due to super- 
adiabatic gradients, may be localized and here and there 
rather rapid, the return or downflow, though really the 
cause of the updraft, is widespread and correspondingly 
gentle. The condition essential to a local and rapid 
downflow—that is, a local decided cooling at a high alti- 
tude—does not exist, and therefore the counterpart to 
the upward currents is nowhere conspicuous. 

Second. After a time, as a result of strong convection 
in a cumulus cloud, rain is formed at a considerable alti- 
tude where, of course, the air is quite cold, in fact so cold 


June, 1914 














361 


MONTHLY WEATHER REVIEW. 


Jona, 1914. 


“M110}SJepUuNng} J -upel y -Apnojo -Apn 189) *SULIO}SIOPUNY} ,,O[PBUI0},, JO suTUUT 98 SUOTIIPUOD Jo | 4 “LOGIT “T Wolsey “a ‘8 BA 10q}80M— IT “OLg 
5] f ‘k @ op Anaed = : pO orp 3 3eq ord 44 ‘2061 ‘T YO: ‘ 8 ‘d 















































77 mS 7 “Saar tas 437 to oo 
a" WV ‘L061 ‘T XV 
oe 4 * } a 
oo vor olin ewatnes co) os om 
oOL 
: 
009 
308 < 
y \ foe .°09 
oOL=--=- Py Bal) ouhe > ¢ 

ane Lk 
HOIH 
qeu 

0 ~ 
¢'0e = 

,'0oe = 

0v-- - . ; 

tl " we ON 

ANZ? Yi 
0. cit aN 
$k ps UN ‘| és 
. G “7 -v i Sah 3 Da a «) ' - ts 
05 Kei) eh Lago Re" 4 
v 












































“MI0WSIOPUNY} 5) ‘upel y ‘Apnoyo e ‘Apnoyo 4naed © BB A) ta) O “SULIOJSIOPUNY} ,,SPVuso} ,, Jo [eojdAy ‘206T 1 Yous “mM “dg dep Joy}VeAA—'ZI “OL 


7 : Wd ‘2061 ‘T HONVIN 





Junz, 1914 
td 















































am ’ 
" 7 =, — oo ' = ° ~ p 
Ny 
: 08 . ; a ss x Piao! a 0 8] € 
qe amy ~~ pe ms - ". —\ oH ai: a a ° 
a, ° Wen a as . ¢ — — . 
ea) — - i, ‘\ e Nica . 
ont us “| - rey >. Dn Wm \ | i uO 7 A 
3 ° | BS — t~ ¢ bal Fa 
009 TS ONT) ¥ a — si a - c0'9e 
at au a wr LY] o Za sage a ~- Nd _ - 
Be guiet asy ora® £§ en = 1 \ *Dey Meine ee ~ Saya % ~~ = o9 
Be o'oe ce a vier TY yas 
E ok (4 x eTre ) j \ 4 Wy ‘ 
; y $ —_ \ pb; , n \ ‘ 
M / ‘ ' h- \\ 7 
cn it Ws te, | eh \\. 
S / a ~ ho Au ‘ J WW 
E ‘ by A yd : ue ‘ fo oo oi 4 / NO 
0° AO € vw we oe 
Zi g0'0 “ ; P TUNiae u Ss ey \ 
Oo yi , dh. Ay t ee - OT Wan \\ 7.) 
Ss 2 \ yt - > y ‘ ee / 
x 4 ss; * w st a Yas el ! “ 
08 -- ; we SSSFSRX ‘ PAZ Hf! 9 
oa SNE oO x V ” ite, 2 P Lae o / t y 
\ts \. \~O# - N a M 
02 on — ‘ = = ey, a M ’ / Dy fae . 
é ee a - re s 
28 ; 8 oT 0 rou wumsdd y >. \ é + ~ i . * ad 
o 
Py ) ” \ A é | ~ « \' ? . 
° Le om \F i\ : . Oo 4 b—--bS * y a é =, cat 
% 7 tf 41% 
Aaa @: oboe © oL'ez 108 ne Y or 
a P > : | = we a 
eh'od 10 i g P a 
,017 - MC \ } 
"it ¥ ] iz \ . » 
| | fon ® Jove | oy 
: , : => ( | f — a ee o6 3 — 63 0'oe 
7 7 te oer we aR on AE nce ae we rd 

















362 
| 


















3 
8 


MONTHLY WEATHER REVIEW. 


roe 


“woyssopuny} 5] fuyer y ‘Apnopo @ ‘Apnoyo Apsed © ‘0p 











Go 
HDIH 00 
0 ae Oe eo) 
‘ 
Ww 
Py 
\ ?) : 
° 
0 3" 
63 
‘Oo e 6°63 





O *SULIOJSIOPUNY} ,, OFPVUIOZ ,, JO OUT[OOP 3B SUOPITPUOD JO yeord 4} ‘2067 ‘2 youeyy “UI “8g ‘dey 10T}80 M—" ST “OTT 











“WV ‘2061 ‘2 av 





ow 















































‘ \ 
v U ol 
aH 
. v 
4 
of ‘ 
t-sys ony 
5 ° * tA f- 
8 's F 6 
“ ras A 
a f 7. 
bk atl 5 ? _ 
ne 0B | V'6S | 
Zz we ROT 
& A 
le 4 \ ’ 
me 8's : 
L°6S 
El 
salt 
. —s 








T 
' > igs \Wre = 


7% 3 Se jn a 
“2 


y at 
P— YY ¥ 
Mane 


our oot 
soT enuvis 


SoZ, 
wt \/@ Et Adie Vat. 
Bind LAN i 
Bt ae we Ree, 2 0 
a ffs pee cad 
we 7] f iN , 
eee ON | 
Meo) 7 7 a 
ys “PAO ciate 
j aan? i 
y ~~ ra . wpe 
a? “-—2 ta \ 4 
Qs: $t8¢ m 
— wh x Jody “nye 
‘ise ——§ % - 
Eb fi 24 
N = ~ Vy 
\ ' aA Ss 
. oc 
o'oe)~ ie? &, 
Ke z : 
or L ia yam i 





JUNE, 1914. 


55828—14——10 








364 


that hail is often produced. Now this cold rain, or rain 
and hail, as it falls, and as long as it falls, chills the air 
from the level of its formation all the way to the earth. 
artly as a result of its initial low temperature and partly 
beaetee of the evaporation that takes place during its 
fall. Hence this continuously chilled column of air be- 
cause, somewhat, of the frictional drag of the rain, but 
mainly because of the increase, due to this chilling, of its 
own density, immediately and necessarily becomes a con- 
centrated and vigorous, or swiftiy flowing, return branch 
of the vertical circulation. In fact, it (or gravity acting 
through it) becomes the sustaining cause of the storm’s 
circulation. At the same time, because of the downward 
blow and because of surface friction, as will be explained 
later, the barometric pressure is abruptly increased. 

It will be worth while to consider some of these state- 
ments a little more closely, and to test them with possible 
numerical values. 

Omitting, as we may, the effects of radiation, there 
seem to be but three possible ways by which the cooling 
of a thunderstorm may be obtained: a. By the descent 
of originally potentially cold air. 6. By chilling the air 
with the cold rain. c. By evaporation. Each of these 
will be considered separately. 

a. Obviously no portion of the upper air could main- 
tain its position if potentially even slightly colder than 
that near the surface. If at all potentially colder it 
would fali until it itself became the surface air, as indeed 
is the case ia all vertical circulation. Hence the great 
decrease in temperature that comes with a thunder- 
storm is not the result of the descent of a layer of air 
originally potentially cold for, as explained, an upper 
layer sufficiently cold to give, after its descent, the actual 
cooling could not exist. Again, any descending air must 
come from either below the under surface of the cloud or 
from above this level. If from below, it must, because 
of adiabatic heating, reach the earth at substantially the 
original surface temperature. If from above it would, 
as is obvious from figure 1, reach the earth even warmer 
than the original surface temperature. Hence, looked 
at in any way, case @ obviously is inadmissible. 

b. Let the under surface of the thunderstorm cloud be 
1,500 meters above the earth, and the column of air 
cooled by the cold rain and its evaporation 2,000 meters 
high. Let the surface temperature be 30° C., and the 
temperature gradient before the storm begins adiabatic 
up to the under-cloud level, and let there be a 2-centi- 
meter rainfall. 

Now, at the temperature assumed, a column of air 2,000 
meters high whose cross section is 1 square centimeter 
weighs, roughly, 210 grams, and its heat capacity, there- 
fore, is approximately that of 50 grams of water. At the 
top of this column the temperature can be, at most, only 
about 20° C. lower than at the bottom, and if the rain 
leaves the top at this temperature but reaches the earth 
7° C. eelder than the surface air before the storm (tem- 
peratures that seem at least to be of the correct order) it 
will have been warmed 13° C. during its fall and the air 
cclumn cooled on the average about 0.5° C. But, as a 
matter of fact, the air usually is cooled by from 5° C. to 
10° ©. Hence, while the temperature of the air neces- 
sarily is reduced to some extent by mere heat conduction 
to the cold rain much the greater portion of the cooling 
clearly must have some other origin. Further, since a is 
inadmissible and 6 only a minor contributing factor, it 
follows that by exclusion only evaporation, is left to 
account for much the greater portion of the cooling. 
Let us see, then, if evaporation really is adequate to meet 
these demands. 
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c. It is a common thing in semiarid regions to see a 
heavy shower, even a thundershower, leave the base of a 
cloud and yet fail utterly, because of evaporation, to 
reach the surface of the earth. Hence it appears quite 
certain that in the average thunderstorm a considerable 
ortion of the rain that leaves the cloud is evaporated 
bofods it reaches the ground, and therefore that the tem- 
perature decrease of the atmosphere is largely owing to 
this fact. But if so, why, then, one might properly ask, 
does not an equally great temperature drop accompany 
all heavy rains ¢ 

The answer is obvious, because, as a rule, the tempera- 
ture is higher and the relative humidity lower during a 
thunderstorm than at the time of any other ordinary rain. 
The chief, perhaps the sole, reason for this difference in 
relative humidity is the difference in the two cases, be- 
tween the movements of the air. In the thunderstorm 
the descending air, which can be no more than saturated 
at top, dynamically warms so rapidly and is so continu- 
ously renewed that evaporation into it can not keep pace 
with its vapor capacity. During other rains, however, 
where there is no atmospheric descent, and therefore no 
dynamical heating, approximate saturation must soon ob- 
tion; hence but little further evaporation and, of course, 
but little cooling. 

We will now return to the numerical values and com- 
pute a probable magnitude of cooling due to evaporation. 

As before, let a 2-centimeter rain leave the cloud, but 
let one-fourth of the rain that started, or balf a centimeter, 
be evaporated. ‘This would consume 303 heat units from 


an aircolimn 2,000 meters high whose heat capacity is that 


of only 50 cubic centimeters of water. Hence, as a resul 
of a a ee alone, the temperature of the air cclumn 
would be lowered on the average by about 6° C. Evapc- 


ration, therefore, appears to be both necessary and suffi- 
cient to produce all or nearly all the cooling of a thunder- 
storm. 

Since the molecular weight of water is 18 while the 
average molecular weight of air is approximately 29, i 
follows that the amount of evaporation above assumed 
would decrease the density of the atmosphere by, roughly, 
one part inathousand. On ihe other hand, a decrease in 
temperature of 6° C., that would be produced by the 
evaporation assumed, would increase the density by about 
one part in fifty. Hence the resultant of these two cppos- 
ing effects is substantially that of the second alone; that 
is, a distinct increase in the density. 

Doubtless, as already stated, the evaporation of thun- 
derstorm rain, and therefore the drop in temperature and 
the consequent gain in density, all increase with decrease 
of elevation. In some measure, however, this effect is 
counteracted by the increasing rate of dynamical heat- 
ing in the lower layers resulting from the correspondingly 
increased rate of pressure gain to change in elevation. 

But no matter how nor to what extent the details may 
vary, it seems quite certain that the cold rain of a thun- 
derstorm and its evaporation together must establish a 
Jocal downrush of cold air—an observed important and 
characteristic phenomenon, really the immediate cause 
of the vigorous circulation, whose rational explanation 
has been attempted in the past few paragraphs. 

As the column or sheet of cold air flows down it main- 
tains in great measure its original velocity and, there- 
fore, on reaching the earth rushes forward in the direc- 
tion of the storm movement, underrunning and buoying 
up the adjacent warm air. And this condition, largely 


due, as explained, to condensation and evaporation, once 
established necessarily is self-perpetuating, so long as 
the general temperature gradient, humidity, and wind 
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direction are favorable. It must be remembered, how- 
ever, that thunderstorm convection, rising air just in 
front and descending air with the rain, does not occur in 
a closed circuit, for the air that goes up does not return 
nor does the air that comes down immediately go up 
again, there simply is an interchange between the sur- 
face air in front of the storm and the upper air initsrear. 
The travel of the storm, by keeping up with the under- 
running cold current, just as effectually maintains the 
temperature contrast essential to this open-circuit con- 
vection as does continuous heating on one side and 
cooling on the other maintain the temperature contrast 
essential to a closed circuit convection. 

The movements of the warm air in front of the rain, 
the lull, the inflow, and the updraft resemble somewhat 
those of a horizontal cylinder resting on the earth where 
the air is quiet and rolling forward with the speed of 
the storm. Similarly, the cold air in its descent and for- 
ward rush, together with the updraft of warm air, also 








foglike condensation which, of course, renders any de- 
tached vortex at this position quite visible. 

This squall cloud, in which the direction of motion on 
top is against the storm, may be regarded as a third 
horizontal thunderstorm cylinder much smaller but more 
complete than either of the others. 

Schematic illustrations —The above conceptions of the 
mechanism of a thunderstorm can, perhaps, be made a 
little clearer with the aid of illustrations. Figure 21, a 
schematic picture of a thunderstorm in the making, 
gives the boundary of a large cumulus cloud from which 
rain has not yet begun to fall, and the stream lines of 
atmospheric flow into it. When the cloud is stationary 
and there is no surface wind the updraft obviously will 
be more or less symmetrical about a vertical through its 
center, but when it has an appreciable velocity, as indi- 
cated in the figure, it is equally obvious that most, often 
nearly all, of the air entering the cloud will do so through 
its front under-surface. At this stage there will be no 
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F1q. 21.—Principal air movements in the development of a cumulus cloud. 


resembles a horizontal cylinder, but one sliding on the 
earth and turning in the opposite direction from that of 
the forward roiling or all-warm cylinder. In neither 
case, however, is the analogy complete, for, as above 
yr ape ap the air that goes up remains aloft while the 
cold air that comes down is kept by its greater density 
to the lower levels. The condition of flow persists, as 
do cataracts and crest clouds, but here, too, as in their 
case, the material involved is ever renewed. 

’ The squall cloud.—Between the uprising sheet of warm 
air and the adjacent descending sheet of cold air hori- 
zontal vortices are sure to be formed in which the two 
currents are more or less mixed. The lower of these 
vortices can only be inferred as a necessary consequence 
of the opposite directions of flow of the adjacent sheets 
of warm and cold air, for there is nothing to rerder them 
visible. Neither can any vortices that may exist within 
the cloud be seen. Near the front lower edge of the 
cumulo-nimbus system, however, and immediately in 
front of the sheet of rain, or rain and hail, the rising air 
has so nearly reached its dew point that the somewhat 
lower temperature, produced by the admixture of the 
descending cold air, is sufficient to produce in it a light 


concentrated or local down current, only an imperceptible 
counter settling of the air round about, because, as pre- 
viously explained, the air cataract requires local sodiine 
to subpotential temperatures, and this in turn requires 
local rain. 

Figure 22 schematically represents a well-developed 
thunderstorm in progress. The falling rain, often mixed 
with hail, cools the air through which it falls, and as the 
temperature gradient was already closely adiabatic it 
follows that the actual temperatures will be subpotential 
from the surface of the earth to within the cloud, or 
throughout and a little beyond the nonsaturated or 
evaporating levels. As soon, then, as this column or 
sheet of air is sufficiently cooled it flows down and for- 
ward and ail the atmospheric movements peculiar to the 
thunderstorm are established substantially as shown. 

Referring to the figure: The warm ascending air is in 
the region A; the cold descending air at D; the dust cloud 
(in dry weather) at D’, the squall cloud at S; the storm 
collar at C; the thunder heads at T; the hail at H; the 
primary rain, due to initial convection, at R; and the 
secondary rain at R’. This latter phenomenon, the 
secondary rain, is a thing of frequent occurrence and 
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often is due, as indicated in the figure, to the coalescence 
and quiet settling of drops from an abandoned portion 
of the cumulus in which and below which winds and con- 
vection are no longer active. 

Malaato-cynell rarely, false cirri frequently, and 

cap-clouds occasionally, accompany thunderstorms, but 
as they are not essential to it they therefore are omitted 
from the above schematic illustration. 

Thunderstorm pressures.—Before the onset of a thun- 
derstorm there usually if not always is a distinct fall in 
the barometer. At times this fall is extended over several 
hours, but whether the period be long or short the rate 
of fall usually is greatest at the near approach of the 
storm. Just as the storm breaks, however, the pressure 
rises very rapidly, almost abruptly, usually from 1 to 2 
millimeters, fluctuates irregularly, and finally as the 
storm passes again becomes rather steady but at a some- 
what higher pressure than prevailed before the storm 
began. 

The cause of these pressure changes is, doubtless, 
rather complex. The decrease in the absolute humidity 


it 
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in a thunderstorm is not at all accurately known, but while 
at times probably very considerable, the above value of 
14 meters per second seems to be excessive; in fact, its 
average value may not be even half so great. ‘Tf i in reality 
it is not, then, since the pressure of a wind varies as the 
_— of its velocity, it follows that less than one-fourth 

the actual pressure increase can be caused in this way. 
Hence it wo uld d seem that there probably is at least one 
other pressure factor, and, indeed, such a factor obviously 
exists in the check to the horizontal flow caused by ver- 
tical convection. 

To make this point clear: Assume two layers of air, an 
upper and a lower, flowing parallel to each other. ‘Let 
their respective masses per unit length in the direction 
of their horizontal movement be M and m, and their 
velocities V and v. Now, if, through convection, say, 
the whole or any portion ‘of the lower layer is carried 
aloft, obviously it must be replaced below by an equal 
amount of the upper layer. 

Let the whole of the lower layer be carried up. This 
layer, to produce the rain that was above assumed, 2 
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Fig. 22.—Ideal cross section of a typical thunderstorm. A apenas air, D descending air, C storm collar (Sturmkragen), S roll scud, D’ wind gust, H hail, T thunderheads, 
R primary rain, R’ secondary rain. 


and the decrease in temperature both tend to increase 
the atmospheric pressure, and, presumably, each con- 
tributes its share. Both these effects, however, are 
comparatively permanent, and while they may be mainly 
responsible for the increase of pressure that pers sis 
after the storm has gone by, they probably are not the 
chief factors in the produc tion of the initial and quickly 
produced pressure maximum. Here at least two factors, 
one obvious, the other inconspicuous, are involved. 
These are: a. "The rapid downrush of air, and 6. the inter- 
ference to Shtinelial flow caused by the vertical circula- 
tion. 

The downrush of air clearly produces a vertically di- 
rected pressure on the surface of the earth, in the same 
manner that a horizontal flow produces a horizontally 
directed pressure against the side of a house. But a 
pressure equal to that given by 2 mm. of mercury, a 
pressure increase frequently reached in a thunderstorm, 
would mean about 2.72 grams per square centimeter 
or 27.2 kilograms per square meter, and require a w ind 
velocity of roughly 50 kilometers per hour or 14 meters 
per second. Now, the velocity of the downrush of air 


centimeters, will have to be at least 1 kilometer deep, 
and if it should merely change places with the upper air, 
or if the different layers sho uid mingle and assume a 
common velocity, V’, ‘there obviously would be no change 
in the total linear momentum, nor in the flow. In sym- 
bols we would have the equation 


MV+mv=(M+m) V’. 


Mere mingling, therefore, of the two air currents, 
upper and lower, can not change the depth of the atmos- 
phere, nor, therefore, the height of the barometer. But 
then in the case of atmospheric convection we have 
something more than the simple mingling of two air cur- 
rents, and the linear momentum does not, in general, 
remain constant. The increased surface velocity follow- 
ing convection, a phenomenon very marked in the case 
of a thunderstorm, causes an increased frictional drag 
and therefore a creater or less decrease in the total flow. 
Suppose this amounts to the equivalent of reducing the 
velocity of a layer of air only 25 meters thick from V to », 
and let V=5v. That is, the one three hundred and 


twentieth part of the atmosphere has its flow reduced to 


pr sated aa AE 


lo ae 





ee ee 











MONTHLY WEATHER REVIEW. 








*m110}sJepuNy} 5) fuer y ‘Apnoyo ee ‘Apnoyo Apjsed © ‘1899 O ‘SUIIOISIOPUNY} ,,4eP40q,, JO BuyuujFeq 38 SUOzZPUOS Jo woyd.43 ‘2061 ‘2 euns “wd g ‘dey_ 104}8044—"ZT “Ola 














ea oo ow om 
ea enuns 





ee = ae 














\t 


“ dew . 1 


(see 

. , - wi abe 

0 of {foto te 4 “ie ee 
ic - = 4 Ax 







































_'* fin . 
gee mS ea “ 7 se 
“OL as papa 
° is ; ae? Cael = BI 
I SF= a) a OTL 
. 
“; ae 
\Gpiert Noes 
\ ae ; —— 
\\ * 
va cand a on 








\ 
Baers Lib ee: 
awn : sae 4 
; f 












































371 





| 


"MIOjsIEpuNY} 5] ‘uel y ‘Apnoyo & ‘Apnoyo £n3ed © R910 O F'sursoisiepuny} ,,1ops0q,, Jo peojd.4} ‘L061 ‘g oun “ur ‘8 g ‘deyy 10q}80 4— 








ae 























MONTHLY WEATHER REVIEW. 




















— 


ANAL] 





vor 


q 











| 
] 





B582B—1dmnmn 1 























JUNE, 1914. 



























































a) 
Lon ‘ ‘ ‘ ‘ 
> wuoysiopunyy >| ‘ayer y !Apnop @ ‘4pnojo 4pued © ‘svejo CE, -suuojssopunyy ,,Jops0q,, Jo oupjoop 48 suopypuoo Jo pwojd4 ‘zoet “g oung “ud g “deyy s0yywe M—6I ‘Oly 
e 1 ‘ 
a 8S SV —————— 
z es | ik She | PY re —_ 
i a at al .. | \ SS 
5 = i hoe 4 \ me “W ‘d ‘L061 ‘8 ANAL 
* ; ma — YY | Vai ————— SSR “a 
| oo vor ot oot ” os oOo 
. é ¥ 


| Be v1 vyws 





Ss 
NN 


a 








p a 
whestuace be yy 


ate, Ye 
2yUsy Pr F a 
~ 





) wi WNT 


— pom 





ff ne 
be capper 


PgO'L tS; 








sy afin nN 


























‘ \ °3 “e/- Si 2 + 
} \ ae 7 ae “4 = < 
A= <= = ~ 
—' 4 qt * Wa, o SM hol 7 Lesion ee re in oN 76% 
: Bos agin j ra b 2) 7 roUy, “4 | 
yf ae : ¢c 4 a 2 (on j , "4 
; ~ if | 


MONTHLY WEATHER REVIEW. 


fl ppt 





ne ir we 








} 





1:C> -—: fi 4 








798 L'6 8°65 6.03 


Our 

































JUNE, 1914 


one-fifth its former value. This would reduce the total 
flow by about 1 part in 400, and thereby increase the 
barometric reading by nearly 2 millimeters. 

It would seem, then, that the friction of the thunder- 
storm gust on the surface of the earth, through the con- 
sequent decrease in the total linear momentum of the 
atmosphere and, therefore, its total flow, must be an 
important contributing cause of the rapid and marked 
increase of the barometric pressure that accompanies the 
onset of a heavy thunderstorm. 

To sum up: The chief factors contributing to the 
increase of the barometric pressure during a thunder- 
storm appear to be, possibly in the order of their magni- 
tude: a. Decrease of horizontal flow, due to surface 
friction. 6. Vertical wind pressure, due to descending 
air. c. Lower temperature. d. Decrease in absolute 
humidity. 

Thunderstorm temperatures.—Before the onset of the 
storm the temperature commonly is high, but it begins 
rapidly to fall with the first outward gust and soon drops 
often as much as 5°C. to 10°C. because, as already ex- 
ylained, this gust is a portion of the descending air cooled 
ce the cold rain and by its evaporation. As the storm 
passes the temperature metas recovers somewhat, 
though it seldom regains its original value. 

Thunderstorm humidity.—As previously explained, heavy 
rain, at least up in the clouds, and therefore much hu- 
midity, and a temperature contrast sufficient to pro- 
duce rapid vertical convection, are essential to the genesis 
of a thunderstorm. Hence during the early forenoon of a 
thunderstorm day both the absolute and the relative 
humidity are likely to be high. Just before the storm, 
however, when the temperature has greatly increased, 
though the absolute humidity still is high, the relative 
humidity is likely to be rather low. On the other hand, 
during and immediately after the storm, because chiefly 
of the decrease in temperature, the absolute humidity is 
comparatively low and the relative humidity high. 

‘‘Rain-gush.’’—It has frequently been noted that the 
rainfall is greatest after heavy claps of thunder, a fact 
that appears to have given much comfort and great en- 
couragement to those who maintain the efficacy of mere 
noise to induce precipitation—to jostle cloud particles 
together into raindrops. The correct explanation, how- 
ever, of this phenomenon seems obvious: The violent 
turmoil and spasmodic movements within a large cumulus 
or thunderstorm cloud cause similar irregularities in the 
condensation and resulting number of raindrops at any 
given level. These in turn, as broken by the air currents, 
give local excess of electrification and of electric discharge 
or lightning flash. We have, then, starting toward the 
earth at the same time and from practically the same 
level, mass, sound, and light. The light travels with the 
greatest velocity, about 300,000 kilometers per second, 
and therefore the lightning flash is seen before the thunder 
is heard; its velocity being, roughly, only 330 meters per 
second. But the rain falls much slower still and there- 
fore reaches the ground after the thunder is heard. In 
reality it is the excessive condensation or rain formation 
up in the cumulus cloud that causes the vivid lightning 
and the heavy thunder. According only to the order in 
which their several velocities cause them to reach the 
surface of the earth it might appear, and has often been 
so emg gag that the lightning, first perceived, was the 
cause of the thunder, which, indeed, it is, and that the 
heavy thunder, next in order, was the cause of the exces- 
sive rain, which most certainly it is not. 

Thunderstorm velocity —The velocity of the thunder- 
storm is simply the velocity of the atmosphere in which 
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the bulk of the cumulus cloud happens to be located. 
Hence as the wind at this level is faster by nig t than by 
day and faster over the ocean than over land, it follows 
that exactly the same relations hold for the thunderstorm, 
that it travels faster over water than over land and faster 
by night than by day. The actual velocity of tho 
thunderstorm, of course, varies greatly, but its average 
velocity in Europe is 30 to 50 kilometers per hour; in the 
United States, 50 to 65 kilometers per hour. 


Hail.—Hail, consisting of lumps of roughly concentric . 


layers of compact snow and solid ice, is a conspicuous and 
well-known phenomenon that occurs during the early 
portion of most severe thunderstorms. But in what 
—_ of the cloud it is formed and by what process the 
ayers of ice and snow are built up are facts that, far from 
being obvious, become clear only when the mechanism of 
the storm itself is understood. 

As before, let the surface temperature be 30° C. and the 
absolute humidity 40 per cent, or the dew point 15° C. 
Under these conditions saturation will obtain, and, there- 
fore, cloud formation will begin when the surface air has 
risen to an elevation of 1.5 kilometers. Immediately 
above this level the latent heat of condensation reduces 
the rate of temperature decrease with elevation to about 
half its former value, nor does this rate rapidly increase 
with further gain of height. Hence, usually, for the 
above assumptions correspond in general to average 
thunderstorm conditions, it is only beyond the 4-kilo- 
meter level that freezing temperatures are reached. It 
is therefore only in the upper portions of cumulus clouds, 
the portions that clearly must consist of snow particles 
and undercooled fog or cloud droplets, that hail can 
either originate or greatly grow. 

But what, then, is the process by which the nucleus of 
the hailstone is formed and its layer upon layer of snow 
and ice built up? Obviously such drops of rain as the 
strong updraft within the cloud may blow into the region 
of freezing temperatures will quickly congeal and also 
gather coatings of snow and frost. After a time each 
incipient hailstone will get into a weaker updraft, for this 
is always irregular and puffy, or else will tumble to the 
edge of the ascending column. In either case it will then 
fall back into the region of liquid drops, where it will 
gather a coating of water, a portion of which will at once 
be frozen by the low temperature of the kernel. But 
again it meets an upward gust, or falls back where the 
ascending draft is stronger, and again the cyclic journey 
from realm of rain to region of snow is begun; and eac 
time—there may be several—the journey is completed a 
new layer of ice and a fresh layer of snow are added. In 
general the size of the hailstones will be roughly propor- 
tional to the strength of the convection current, but since 
their weights vary approximately (they are not homo- 
geneous) as the cube of their diameters while the sup- 
porting force of the upward air current varies, also 
approximately, as only the square of their diameters it 
follows that a limiting size is quickly reached. It is also 
evident, from the fact that a strong convection current 
is essential to the formation of hail, that it can occur only 
where this convection exists; that is, in the front portion 
of a heavy to violent thunderstorm. 

Some meteorologists hold that the roll scud between 
the ascending warm and descending cold air is the seat 
of hail formation, but this is a mistaken assumption. 
Centrifugal force would throw a solid object, like a hail- 
stone, out of this roll probably before a single turn had 
been completed. Besides, and this objection is, perhaps, 
more obviously fatal than the one just given, the tem- 
perature of the roll scud, because. of its position, the 
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lowest of the whole storm cloud, clearly must be many 
degrees above the freezing point. Indeed, as the above 
calculation shows, temperatures low enough for the for- 
mation of hail can not often obtain at levels much less 
than three times that of the scud, and therefore it clearly 
is in the higher levels of the cumulus and not in the low 
scud that hail must have its genesis and make its growth. 

Lightning.—About the middle of the eighteenth cen- 
tury Franklin and others clearly demonstrated that the 
lightning of a thunderstorm and the discharge of an 
ordinary electric machine are identical in nature, and 
thereby established the fact that many of the properties 
of the former may logically be inferred from laboratory 
experiments with the latter. There is, however, one 
important source of difference between the two phe- 
nomena that does not seem always to be clearly kept in 
mind, namely, the distribution of the charge. In the 
one case, that of the laboratory experiment, the charge 
commonly exists almost wholly on the surface of the 
apparatus used, while in the jee; that of the thunder- 
storm, it is irregularly distributed throughout the great 
cloud volume. Hence the two discharges, lightning and 
laboratory sparks, necessarily differ from each other in 
important details. Nevertheless in each case the atmos- 

here must be ionized before the discharge can take place 
reely, and this condition seems, at times at least, to 
establish itself progresso-spasmodically. That is, a small 
initial discharge, losing itself in a terminal brush, is 
rapidly followed by another and another, each losing 
itself in a manner similar to the first, until a path from 
pole to pole is sufficiently ionized to permit of a free flow 
and quick exhaustion of the remaining charge. Figure 
23, copied from a photograph obtained by Walter (9), 
on a rapidly moving plate, shows how a laboratory spark 
spasmodically (doubtless at the period of electrical oscil- 
lation) ionizes the air from either pole and thus pro- 
gressively extends and finally closes the conducting path 
of complete discharge. There appears also to be good 
evidence that the lightning discharge often builds itself 
up in a manner generally similar, though, perhaps, radi- 
cally different, in certain details. As already implied, 
ordinary laboratory apparatus has a free period of elec- 
trical oscillation, and therefore an electrical discharge 
from such apparatus is oscillatory in nature, but as yet 
there seems to be no certain evidence that lightning dis- 
charges ever are distinctly oscillatory. They frequently 
are pulsatory, discharge after discharge taking eee in 
the same direction and along the same path, as we shall 
see later; but this is an entirely different thing from being 
oscillatory, or consisting of a decreasing series the units 
of which are alternately in opposite directions. 

It will be convenient, in further discussing the facts 
known about lightning, to classify it according to its 
general appearance. 

Streak iohtning.—When the storm is close by, the 
lightning discharge almost invariably appears to the 
unaided eye as one or more sinuous lines or streaks of 
vivid white or pmk. Sinuous, because electrically the 
atmosphere is heterogeneous or unequally ionized. There 
often appears to be a main oma with a number of 
branches, all occurring at the same time and instanta- 
neously. At other times there seem to be two or more 
simultaneeus but locally disconnected streaks. Fre- 
quently the discharge continues flickeringly (on rare occa- 
sions even steady, like a white-hot wire) during a percep- 
tible time—occasionally a full second. 

But all these phenomena are best studied by means of 
the camera, and have been so studied by several persons, 
among whom Walter, of Hamburg, and Larsen, of Chicago, 
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are two of the most persistent and successful. Stationary 
cameras, revolving cameras, stereoscopic Cameras, cam- 
eras with revolving plates, and cameras with spectro- 
graphic attachments awe all been used, separately and 
jointly, and the results have abundantly justified the 
time and the labor devoted to the work. 

Figure 24, copied by permission from one of Walter’s 
unpublished negatives, shows the ordinary tracery of a 
Nehening discharge when photographed with a stationary 
camera. It is only a permanent record of the appearance 
of the lighning to the unaided eye. Figure 25, eweter, 
also copied by Walter’s kind permission from one of his 
unpublished photographs, is a record of the same dis- 
charge obtained with a rotating camera. It will be noted 
that the more nearly vertical discharge occurred but once 
or was single; that this discharge was quickly followed by 
a second along the same path to about one-fourth of the 
way to the earth where it branched off on a new course; 
that the second discharge was followed in turn at short 
but irregular intervals by a whole series of sequent dis- 
charges; that most of the discharges appeared as narrow 
intensely luminous streaks, and that one of the sequent 
discharges appeared, not to the eye, but on the plate of the 
rotating camera, as a broad band or ribbon. On close 
inspection it will be obvious that the plaidlike ribbon 
effect is due, the warp to irregularities in the more or less 
continuous discharge, and the woof to roughly end-on 
and therefore brighter portions of the streak. Another 
point particularly anvtier of attention is the fact that 
while the first discharge has several side branches the 
following ones remain entire from end to end and are 
nowhere subdivided. 

Figure 26, taken from a photograph obtained by Mr. 
Larsen, of Chicago, and kindly wee for use here by the 
Smithsonian Institution, shows another series of sequent 
discharges similar to those of figure 25, except that in 
this case there was no ribbon discharge. ‘The time of 
the whole discharge, as calculated by Mr. Larsen, was 
0.315 second. Here, too, side branches occur with the 
first but only the first discharge. This, however, is not 
an invariable rule for occasionally, as illustrated by 
figure 27, copied from a published photograph by Walter, 
the side branches persist through two or three of the 
first successive ~vt —a but not through all. In such 
case each tributary when repeated follows, as does the 
main stream, its own prec channel. 

The phenomenon of sequent discharges, all along the 
sume path, and the disappearance of the side branches 
with or quickly after the first discharge both seem reason- 
ably clear. The first discharge, however produced, ob- 
viously takes place against very great resistance, and 
therefore under conditions the most favorable for the 
occurrence of side branches or ramifications. But the 
discharge itself leaves the air along its path temporarily 
highly ionized—puts a temporary line conductor with 
here and there a poorer conducting branch, in the atmos- 
phere. This conductor is not only temporary (half the 
ions are reunited in about 0.15 second, the air being dusty) 
but also so extremely fragile as to be liable to rupture by 
the atmospheric violence it itself creates. Because partly, 
perhaps, of just such interruptions, and because also of 
the volume distribution of the electricity which prevents 
a sudden and complete discharge, the actual discharge is 
divided into a number of partials that occur a gpm 
Obviously the breaks in the conducting (ionized) path, 
if they exist, are only here and there and but little more 
than sufficient to interrupt the flow. Hence the next 
discharge, if it occurs quickly, must follow the conducting 
and, therefore, original discharge path. Besides, in the 
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Fig. 26.—Streak lightning (sequent discharges), rotating camera (Larsen). 
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Fig. 24.—Streak lightning, stationary camera; companion to t 
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Fig. 27. Streak lightning (sequent discharges), rotating camera (Walter). 
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subsequent discharges the original side branches will be 
quickly abandoned because of their greater resistance, 
or, what comes to the same thing, because of the more 
abundant ionization and consequent higher conductivity 
of the path of heaviest discharge. 

This leaves the genesis of the initial discharge, often if 
not usually the only one, to be explained, and indeed this 
probably is, at present, the least understood of all the 
many thunderstorm phenomena. Judging from the 
voltages required to produce laboratory sparks, roughly 
30,000 volts per centimeter, it is not obvious how such 
tremendous voltage differences can be established be- 
tween clouds or between a cloud and the earth as would 
seem to be necessary to produce a discharge kilometers 
in length, as often occurs. Of course the potential of 
individual drops may grow in either of two ways: a. By 
coalescence of equally charged smaller drops into larger 
ones. In this case, since capacity is directly proportioned 
to the radius, the potentials of the individual drops must 
be proportional to the squares of their radu. 6. By 
evaporation of equally charged drops. Here the poten- 
tials of the individual drops obviously is inversely pro- 
portional to their radii. In each case the tendency of the 
separate drops to discharge is increased, but the potential 
of the cloud as a whole remains unchanged. At present, 
therefore, one can do but little more than speculate on 
the subject of the primary lightning discharge, but even 
that much may be worth while since it helps one to re- 
member the facts. 

As already explained the electrical separation within a 
thunderstorm cloud is such as to place a heavily charged 
positive layer (lower portion of the cloud) between the 
earth and a much higher, also heavily charged, negative 
layer (upper portion of the cloud). Hence the discharges, 
or lightning, from the intermediate or positively charged 
layer may be either to the negative portion above, in 
some cases even to an entirely different cloud, or to the 
earth below. Further, through the sustaining influence 
and turbulence of the uprushing air there must be formed 
at times and places practically continuous sheets and 
streams of water, of course heavily charged and at high 
potential, and also layers and arabe. i of highly ionized air; 
that is, electrically speaking, heavily charged conducting 
sheets and rods, whether of coalesced drops or of ionized 
air, are over and over, so long as the storm lasts, mo- 
mentarily placed here and there within the positively 
charged mass of the storm cloud. 

Let us see, then, what might be expected as the result of 
this peculiar disposition of charges and conductors, the 
result, namely, of the existence of a heavily surface- 
charged vertical conductor in a strongly volume-charged 
horizontal layer or region above and below which there 
are steep potential gradients to negatively charged 
parallel aad, 

The conductor will be at the same potential throughout, 
and therefore the maxima of potential gradients normal 
to it will be at its ends, where, if these gradients are steep 
enough, and the longer the conductor the steeper the 
gradients, brush discharges will take place. Assume, 
then, that a brush discharge does take place and that there 
is a supply of electricity flowing into the conductor to 
make good the loss. The brush and the line of its most 
vigorous ionization necessarily will be directed along the 
potential gradient or toward the surface of opposite 
charge. But this very ionization automatically increases 
the length of the conductor, for a path of highly ionized 
air is a conductor, and as the length of the conductor 
grows so, too, does the steepness of the potential gradient 
at its forward or terminal end, and as the steepness of 
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this gradient increases the more vigorous the discharge, 
always assuming an abundant electrical supply. Hence, 
an electric spark once started within a -thandenne 
cloud has a good chance, by making its own conductor as 
it goes, of geometrically growing into a lightning flash of 
large dimensions. Of course when the electrical supply 
is small the lightning is feeble and soon dissipated. 

Whether the discharge actually does burrow its wa 
through the atmosphere in some such manner as that indi- 
cated probably would be difficult, though not necessarily 
impossible, of observation. Indeed, a roughly analogous 
phenomenon (10) can be produced on a photographic 
plate by bringing in contact with the film, some distance 
apart, two conducting points attached to the opposite 
poles of an influence machine. Brush discharges develop 
about each point, but the glow at the negative pole 
detaches itself and slowly meanders across the plate 
toward the positive point. As it goes it continually 
builds for itself, out of the silver of the emulsion, a con- 
ducting path. 

Rocket lightning.—Many persons have observed what at 
least seemed to be a progressive growth in the length of a 
streak of lightning. In some cases (11) this growth or 
progression has apnea so slow as actually to suggest 
the flight of a rocket, hence the name. 

At first one might well feel disposed to regard the phe- 
nomenon in question as illusory, but it has been too 
definitely described and too frequently observed to justify 
such summary dismissal. Naturally, in the course of 
thousands of lightning discharges, many degrees of ioni- 
zation, availability of electrical charge, and slopes of 
potential gradient are encountered. Ordinarily the 
growth of the discharge, doubtless, is in a geometric ratio 
and the progress of its end exceedingly swift, but it seems 
possible for the conditions to be such that the discharge 
can barely more than sustain itself, in which case the 
movement of the flash terminal may, possibly, be rela- 
tively slow. 

Ball lightning.—Curious luminous balls or masses, of 
which C. De Jans (12) probably has given the fullest 
account, have time and again been reported among the 
phenomena observed during a thunderstorm. Most of 
them appear to last only a second or two and to have 
been seen at close range, some even passing through a 
house, but they have also appeared to fall, as would a 
stone (13), or like a meteor, from the storm cloud, and 
along the approximate path of both previous and subse- 
quent lightning flashes. Others appear to start from a 
Tea and then quickly return, and so on through an 
endless variety of places and conditions. 

Doubtless many reported cases of ball lightning are 
entirely spurious, being either fixed or wandering brush 
discharges or else nothing other than optical illusions, 
due in most cases probably to persistence of vision. 
But here, too, asin the case of recket lightning, the amount 
and excellence of observational evidence forbid the 
assumption that all such phenomena are merely sub- 
jective. Possibly in some instances, especially those 
in which it is seen to fall from the clouds, ball lightning 
may be only extreme cases of rocket lightning, cases in 
which the discharge for a time just sustains itself. A 
closely similar idea has been developed in detail by 
Toepler (14). It may either disappear wholly and noise- 
lessly, as often reperted, or it could perhaps suddenly 
gain in strength and instantly disappear, as sometimes 
observed, with a sharp abrupt clap of thunder. 

To say that all genuine cases of ball lightning, those 
that are not mere optical illusions are stalled thunder- 
bolts, certainly may sound very strange. But that 
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indeed is just what they are according to the above 
spec ulation, a speculation tha at recognizes no difference 
in kind between streak, rocket, and ‘ball lightning, only 
differences in the amounts of ionization, quantities of 
available electricity and steepness of potential gradients. 
Sheet lightning—When a distant thundercloud is 
observed at night one is quite certain to see in it beauti- 
ful illuminations, looking like great sheets of flame, that 
often flicker and glow in exactly the same manner as 
does streak lightning for well-nigh a whole second. In the 
daytime and im full sunlight the phenomenon when seen 
at all appears like a sudden sheen that travels and spreads 
here and there over the surface of the cloud. Certainly 
in most cases, so far as definitely known in all 
this is only reflection from the body of the cloud of streak 
lightning in other and invisible portions. Conceivably 
a brush or coronal discharge may take place from the 
upper surface of a thunderstorm cloud, but one would 
expect this to be either a faint continuous glow or else 
a momentary flash coincident with a t] 


cases 


discharge from the 
lower portion of the cloud to earth or to some other 
cloud. But, as already stated, only reflection is defi- 


nitely known to be the cause of sheet lightning. Coronal 
effects seem occasionally possible, but that they are 
ever the cause of the phenomenon in question has never 
clearly been established and appears very doubtful. 
It has often been asserted, too, that there is a radical 
difference between the spectra of streak and sheet 


lightning, but even this does not appear ever to have 
been photographically proved. 

Beaded lightning.—Discontinuous or beaded streaks of 
lightning have been reported from time to time. Indeed 
the author hinseif times seen, or had 
impression of seeing, this phenomenon, but with one or 
two doubtful exceptions he feit practically certain that 
it was only an optical iliusion. In addition to 
observations of the kind just de scribed many photo- 
graphs showing Si reaks of hight broken into more or 
evenly spaced dashes have been obtained and reported 
as photographs of beaded lightning. Without excep- 


nas severai 


visual! 


iess 


tion, however, these seem certainly to be nothing other 
than the photographs of alternating current electric 
lights, taken with the camera in motion. The objective 


tning does not 
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reality, therefore, of beaded lig seem at 
well established, at least not suffi 
any serious effort to explain it. 

Return lightning.—This is commonly referred | to as the 
return shock, and is only rr relatively smal! electrical 
discharges that take place here and there from objects 
on the surface of the earth coincidently wi ightni 
flashes, and as a result of the suddenly cl 
strain. These disch are alw 
with the main lightning flash, but at tin 
cient to induce explosions, to start 
take life. 

Dark lightning —When a photogr: :phic plat 
to a succession of lightning flashes, it occasiona!ly happens 
that one or more of the streak images, on development, 
exhibits the ‘“‘ Clayden effect’’—that is, appears completely 
reversed—while the others show no such tendency. Ob- 
viously, then, on prints from such a negative the 
streaks must appear as dark lines, and for that reason 
the lightning flashes that produced them have been 
called “ dark lightning.” There is, of course, no such 
thing as dark lightning, but the photographic phenome- 
, and 
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at will in the laboratory (15). 
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Temperature.—W hat the temperature along the path 
of a lightning discharge is no one knows, but it obec 
is high, sine it frequently sets fire to buildings, trees, and 
many other objects struck. In an ordinary electrical 
conductor the amount of heat generated in a given time 
by an electric current is proportional to the product C’R 7, 
in which C is the strength of the current, R the ohmi 
resistance, and 7’ the time in question during which 
and # are supposed to remain constant. In a spark 
discharge of the nature of lightning some of the energy 
effects, such as decomposition and ionization, 
other than mere local heating, but as experiment shows, 
a great deal of heat is generated, far as 
we know, to the same laws that obtain for ordinary con- 
ductors. Hence extra heavy discharges, like extra large 
currents, produce excessive heating, and therefore are far 
more liable than are light ones to set on fire any objects 
that they may hit. 

Visibility. —Just how a lightning discharge renders the 
atmo: sphere through which it passes luminous is not 
known. It must and does make the air path 

ery hot, as we have seen, but no one 
be any amount of ordinary heating, 
oxygen or nitrogen iununous. Hence it seems w 
certain that the licht of lig] 
to something 
internal 
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Spectrum.—Lichtning flashes are of two colors, white 
and pink or rose. ‘The rose-colored flashes, when exam- 
ined en the spectroscope, show several lines due to hydro- 
‘en which, of course, is furnished by the di CO] mpos sition 
of som of the water lone the | htning pati . The white 
iasn ) j rT r nand hot “ine derdirnmen:] lines or at 
nosi put faint mes. AS one micht suspect, the spectrum 

log {1 F — : pes. ] 
Ol a ii? in Las an lat OF an ordinat eles rile Spa;rk 
i are practically identical. This is well shown by 
i] rae copl d [! } i! Tat ( | spectrum of 
ning by Fox (16), in which the upper or wavy por- 
tion is due to the lichtning and the lower or straicht 
pt on to a labo: ory rk in air 

t is often asserted that the spectrum of sti il light 
ing consists wholly o ryht lines and that s bt bent 
ung gives only nitrogen bands: and from this tt is 
urs’ | { 1 to latte 3 8) 1m | LLO ot ti 
irst (‘his assertion is not ipported by y Zi, td 
HNricitest yOTTLIONS O Tt!) yOToO 1 yuld ty 


longest be seen as reflection grew steadily feebler, coincide 


with st ong nitrogen ban ls. in this connection, how 
ever, it iould be remem 1 that accurate wave- 


length measurements, and therefore positive tdentifica- 


tion of the lines of lighting spectra, is not possible, owing 


to the small dispersion or ene yn of the lines on all 
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such negatives so tar reported. 
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Duration.—The duration of the ugchtning discharge is 
exceedingly variable, ranging from 0. 2 second for a 
single flash to, in rare cases, even a full second or moi 
! 7 ~ — we ] - 
for a multiple flash consisting L primary and a sertes 
of sequent flashes. On rare occasions a dischare of long 


duration app ; a glowing 
solid. Possibly t he | best measurements of the shorter 
intervals were ‘made y De Blois (17) with the aid of a 
high -freque ncy os «illograp 1. He found the durations of 
28 single pes averaging 0.00065 secon d, to rang 

0.0002 see ond tot 116 secon id. Flashes that last as long 
as a few hanthe.4 or even a few hundredths of a second 
are almost certainly multiple, consisting of a succession 
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of apparently individual discharges occurring at unequal 
intervals. Occasionally a practically continuous dis- 
charge of varying intensity, but all the time strong 
enough to ” uce luminosity, will last a few hundredths 
of a second. 

[t must be remembered that the duration of even a 
single discharge and the length of time to complete the 
circuit, or ionize a path, from cloud to earth, say, are 
entirely different things. The latter seems usually 
(rocket and ball lightning may furnish exceptions) to be 
of exceedingly short duration, while the former depends 
upon the supply of electricity and the ohmic resistance 
directly and upon the potential difference inversely. 

Discharges direct, not alternating. —Years ago some one 
for some reason or other, or for no reason, made the 
statement that the lightning flash is alternating and of 
high frequency, like the discharge of a Leyden jar, and 
forthwith, despite the fact that all evidence is to the con- 
trary, it became a favorite dogma of the textbook, 

assed on unquestioned from author to author and 

anded down inviolate from edition to edition. There 
often are a number of successive discharges in a fraction 
of a second, as photographs taken with a revolving 
camera show, but they are not only along the same 
path but also in the same direction. This is obvious 
from the fact that when the side branches persist, as in 
figure 26, through two or more partial or sequent dis- 
charges, they are always turned in the same direction. 
It is also proved by the direct evidence of the oscillo- 
graph (18). 

In the case of each separate discharge also the direc- 
tion seems constant. It may vary in strength, or pulsate, 
but, apparently, it does not alternate. There are several 
reasons for concluding that lightning discharges are 
direct and not alternating, of which the following cover 
a wide range and probably are the best: 

a. Lightning operates telegraph instruments. If the 
discharge were alternating it would not do so. 

b. At times it reverses the polarity of dynamos. 
This requires a direct and not a high-frequency alternat- 
ing dashes. 

c. The oscillograph (19) shows each surge or pulsation, 
as well as the whole flash, to be unidirectional. 

d. The relative values of the ohmic resistance, the 
self-induction, and the capacity, in the case of a lightning 
discharge, appear usually, if not always, to be such as 
to forbid the possibility of oscillations. 

[t has been shown that whenever the product of the 
capacity by the square of the resistance is greater than 
four times the self-induction, or, in symbols, that when- 


ever 
CR?>4L 


oscillations are impossible. Undoubtedly all these terms 
vary greatly in the case of lightning discharges, but R, 
presumably, is always sufficiently large to maintain the 
above inequality and therefore absolutely to prevent 
oscillations. 

Possibly a calculation giving roughly the numerical 
order of the terms involved would be helpful. For this 
purpose assume a cloud whose undersurface is circular 
with a radius of 3 kilometers, and whose height above the 
ground is 1 kilometer, and let there be a discharge from 
the center of the cloud base straight to the earth: Find a 
srobable value for the self-induction and capacity, and 
fom these the limiting value of the resistance to prevent 
oscillations, or the value of # in the equation 


CR’=4L. 
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To find L we have the fact that the coefficient of self- 
induction is numerically equal to twice the energy in the 
magnetic field per unit current in the circuit, an the fur- 
ther fact that per unit volume this energy is numerically 
equal to H/8z, in which H is the magnetic force. Let a 
be the radius of the lightning path and assume the current 
density initto.be uniform. Let} be the equivalent radius 
of the cylinder, concentric with the lightning path, along 
which the return or displacement current flows. In this 
case the energy W of the magnetic field per centimeter 
length of the discharge is given by the equation 


W=log, an 4. 


Let 6=2 kilometers and a=5 centimeters. Then 
W=log,4 x 10‘+-$=11, approximately. Hence the energy 
of the magnetic field per unit current for the whole 
length, 1 kilometer, of the flash is represented by the 
equation 
W10°=11x 105, 
hence the self-induction = 22 x 105 =22 x 10~ henry. 

To find C we shall assume a uniform field between the 
cloud and the earth. As a matter of fact this field is not 
uniform, and the calculated value of C, based upon the 
above assumption, is somewhat less than its actual value. 
Assuming, then, a uniform field we have 

Gass _79 X10" 

4zd 4zx105 
Hence, substituting in the equation 

CR? =4L, 


= 225 x 10°=25 x 10° farad, about. 


we get 
R=190 ohms per kilometer, approximately. 


Neither a, the radius of the lightning path, nor b, the 
equivalent radius of the return current is accurately 
known, but from the obviously large amount of suddenly 
expanded air necessary to produce the atmospheric dis- 
turbances incident to thunder it would seem that 1 cen- 
timeter would be the minimum value for a. Also, from 
the size of thunder clouds, it appears that 10 kilometers 
would be the maximum value for 6. 

On substituting these extreme values in the above 
equations, we get 


R=200 ohms per kilometer, roughly. 


From the fact that C varies inversely and Z directly 
as the altitude of the cloud it follows that, other things 
remaining equal, the height of the cloud has no effect on 
the value of # per unit length. 

If the altitude is kept constant and the size of the 
cloud varied C will increase directly as the area, and LZ 
will increase directly as the natural logarithm of the 
equivalent radius of the cylinder of return current. 
Assuming the area of the cloud base to be 1 square kilo- 
meter, which certainly is far less than the ordinary size, 
and computing as above we find 


R=850 ohms per kilometer, roughly. 


Again, assuming the base area to be 1,000 square kilo- 
meters, an area far in excess of that of the base of an 
ordinary thunderstorm cloud, we find 


R=35 ohms per kilometer, roughly. 


It would seem, therefore, that a resistance along the 
lightning path of the order of 200 ohms per kilometer, 
or 0.002 A per centimeter, would suffice, in most cases, 
absolutely to prevent electrical oscillations between 
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cloud and earth. In reality the total resistance includes, 
in addition to that upon which the above calculations 
are based, the resistance in parallel of the numerous 
feeders or branches within the cloud itself. In other 
words, the assumption that the resistance of the con- 
denser plates is negligible may not be strictly true in 
the case of a cloud. Nor is this the only uncertainty, 
for no one knows what the resistance along the path of 
even the main discharge actually is; though, judging 
from the resistance of an oscillatory electric spark (20), 
it, presumably, is much greater than the calculated 
limiting value; and if so, then lightning flashes, as we 
have seen, must be unidirectional and not alternating. 

Length of streak.—The total length of a streak of light- 
ning varies greatly. Indeed the brush discharge so 
gradually merges into the spark and the spark into an 
unmistakable thunderbolt that it is not possible sharply 
to distinguish between them, nor, therefore, to set a 
minimum limit to the length of a lightning path. When 
the discharge is from cloud to earth the length of the 
path is seldom more than 2 to 3 kilometers, but, in the 
case of low-lying clouds, may be much less, and especially 
so when they envelop a mountain peak. 

On the other “re when the discharge is from cloud 
to cloud the path generally is far more tortuous and its 
total length much greater, amounting at times to 10, 15, 
and even 20 kilometers. 

Discharge, where to where?—As already explained, 
lightning discharges may be from cloud to earth, from 
one part to another of the same cloud, or from cloud to 
deed. But since the great amount of electrical separa- 
tion, without which the lightning could not occur, takes 
place within the rain cloud, it follows that this is also 
likely to be the seat of the steepest potential gradients. 
Hence it would appear that lightning must occur most 
frequently between the lower and the upper portions of 
the same cloud, and this is fully supported by observa- 
tions. The next in frequency, especially in mountain- 
ous regions, is the discharge from cloud (lower portion) 
to earth, and the least frequent of all, ordinarily, those 
that take place between one and another entirely inde- 
pendent or disconnected clouds. 

Explosives effects—The excessive and abrupt heating 
caused by the lightning current explosively and greatly 
expands the column of air through which it passes. It 
even explosively vaporizes such volatile objects as it may 
hit that have not sufficient conductivity to carry it off. 
Hence, chimneys are shattered, shingles torn off, trees 
stripped of their bark or utterly slivered and demolished, 
kite and other wire fused or volatilized, holes melted 
through steeple bells and other large pieces of metal, and a 
thousand other seeming freaks and vagaries wrought. 

Many of the effects of lightning appear at first difficult 
to explain, but, i the physiological and, probably, 
some of the chemical, all depend upon the sudden and 
intense heating along its path. 

Chemical effects.—As is well known, oxides of nitrogen 
and even what might be termed the oxide of oxygen, or 
ozone, are produced along the path of an electric spark 
in the laboratory. Therefore one might expect an 
abundant formation, during a thunderstorm, of these 
same compounds. And this is exactly what does occur, 
as observation abundantly shows. It seems probable, 
too, that some ammonia must also be formed in this way, 
the hydrogen being supplied by the decomposition of 
raindrops and water vapor. 

In the presence of water or water vapor these several 
compounds undergo important changes or combinations. 
The nitrogen peroxide (most stable of the oxides of 
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nitrogen) combines with water to produce both nitric 
and nitrous acids; the ozone with water gives hydrogen 
peroxide and sets free oxygen; and the ammonia in the 
main merely dissolves, but probably also to some extent 
forms caustic ammonia and hydrogen. Symbolically 
the reactions seem to be as follows: 


2NO,+H,O =HNO,+HNO,. 
O,+H,O =H,0,+0,. 
2NH, +2H,O =2NH,OH + H,. 


The ammonia and also both the acids through the pro- 
duction of soluble salts are valuable fertilizers. Hence, 
wherever the thunderstorm is frequent and _ severe, 
especially, therefore, within the tropics, the chemical 
actions of the lightning may materially add, as has 
recently been shown (21), to the fertility of the soil and 
the growth of crops. 

Danger.—It is impossible to say much of value about 
the danger from lightning. Generally it is safer to be 
indoors than out during a thunderstorm, especially if 
the house has a well-grounded metallic roof. If outdoors 
it is far better to be in a valley than on the ridge of a 
hill, and it is always dangerous to take shelter under a 
tree—the taller the tree, other things being equal, the 
greater the danger. Some varieties of trees appear to 
be more frequently struck, in proportion to their numbers 
and exposure, than others, but no tree is immune. It 
seems that, in general, the trees most likely to be struck 
are those that have either an extensive root system, like 
the locust, or deep tap roots, like the pine, and this for 
the very obvious reason that they are the best grounded 
and therefore offer, on the whole, the least electrical 
resistance. 

Finally, if one has to be outdoors and exposed to the 
danger of a violent thunderstorm it is advisable, so far 
as danger from the lightning is concerned, to get soaking 
wet, because wet clothes are much better conductors, and 
dry cnes poorer, than the human body. In extreme cases 
it might even be advisable to lie flat on the wet ground. 

As just implied, the contour of the land is an important 
factor in determining the relative danger from lightning 
because, obviously, the chance of a cloud-to-earth dis- 
charge, the only kind that is dangerous, varies inversely 
as the distance between them. Hence thunderstorms 
are more dangerous in mountainous regions, at least in 
the higher portions, than over a level country. For this 
same reason also, distance of cloud to earth, there exists 
on high peaks a level or belt of maximum danger, the level, 
approximately of the base of the average cumulus cloud. 
The tops of the highest peaks are seldom struck, simply 
because the storm generally férms and runs its course at 
a lower level. 

Clearly, too, for any given section the lower the cloud 
the greater the danger. Hence a high degree of Lumidity 
is favorable to a dangerous storm, partly because the 
clouds will form at a low level and partly because the pre- 
cipitation will be abundant. Hence, too, a winter thun- 
derstorm, because of its generally lower clouds, is likely 
to be more dangerous than an equally heavy summer one. 

The ceraunograph.—Various instruments, based upon 
the principles of ‘‘wireless”’ receivers, have been devised 
for recording the occurrence of lightning discharges. Of 
course the sensitiveness of the instrument, the distance 
and the magnitude of the discharge all are factors that 
affect the record, but by keeping the sensitiveness con- 
stant, or nearly so, it is possible with an instrument of 
this kind to estimate the approximate distance, progress, 
and to some extent even the direction of the storm. Nev- 
ertheless there ,does not appear to be much demand for 
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this information, and therefore at present the cerauno- 
graph is but sparingly used. 

Thunder.—tor a long while no one had even a remotely 
satisfactory idea in regard to the cause of thunder, and it 
is not a rare thing even yet to hear such a childish expla- 
nation as that it is the noise caused by the bumping or 
rubbing of one cloud against another. 

As above explained, because of the sudden and intense 
heating due to the lightning discharge the air column 
through which it passes is so greatly and so abruptly ex- 
panded as to simulate in every detail a violent explosion, 
and therefore to send out from every portion of its path a 
steep compression wave, which, of course, is the real 
»yhysical cause of the thunder. The expansion, obviously, 
is followed by a cooling and contraction, but though this 
action is rapid it probably is not nearly rapid enough to 
have anything to do with the production of thunder, 
though many have suggested it as the whole cause. 

Rumbling.—Probably the most distinctive character- 
istic of thunder is its long-continued*rumbling and great 
variation in intensity. Several factors contribute to this 
peculiarity, among them: 

Inequalities in the distances from the observer to the 
various portions of the lightning’s path. Hence the 
sound, which ordinarily travels about 330 meters per sec- 
ond in the air, will not all reach him at the same time, 
but continuously over an appreciable interval of time. 

Crookedness of path. Because of this condition it often 
happens that sections of the path here and there are, 
each through its length, at nearly the same distance from 
the observer or follow roughly the circumferences of cir- 
cies of which he is the center, while other portions are 
directed more or less radially from him. This would 
account for, and doubtless in a measure Is the correct expla- 
nation of, some of the loud booming effects or crashes that 
accompany thunder. 

Succession of discharges. When, as often happens, sev- 
eral discharges follow each otherin rapid succession there 
is every opportunity for all soris of irregular mutual inter- 
ference and reinforcement of the compression waves or 
sound impulses they send out. 

Reflection. Under favorable conditions the echo of 
thunder from clouds, hills, and other reflecting objects 
certainly is effective in accentuating and prolonging the 
noise and rumble. But the importance of this factor gen- 
erally is greatly overestitnated, for ordinarily the rumble 
is substantially the same whether over the ocean, on the 
prairies, or among the mountains. 

Distance heard.—The distance to which thunder can 
be heard seldom exceeds 25 kilometers, while ordinarily, 
perhaps, it is not heard more than half so far. To most 
persons, familiar with the great distances to which the 
firing of large cannon is still perceptible, the relatively 
small distances to which thunder is audible is quite a 
surprise. It should be remembered, however, that both 
the origin of the sound and often the air itself as a sound 
conductor are radically different in the two cases. The 
firing of cannon or any other surface disturbance is heard 
farthest when the air isstill and when, through temperature 
inversion or otherwise, it is so stratified as in a measure 
to conserve the sound energy between horizontal planes. 
Conversely, sound is heard to the least distance when 
the atmosphere is irregular in respect to either its tem- 
perature or moisture distribution, or both, for these 
conditions favor the production of internal sound 
reflections and the dissipation of energy. Now the former 
or favorable conditions occasionally obtain during the 
production of ordinary noises, including the firing of 
cannon, but never obtain during a thunderstorm. In 
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fact, the thunderstorm is especially likely itself to establish 
the second set of the above conditions, or those least 
favorable to the far carrying of sound. 

Then, too, when a cannon, say, is fired the noise all 
starts from the same place, the energy is concentrated, 
while in the case of thunder it is stretched out over the 
entire length of the lightning path. In the first case 
the energy is confined to a single shell; in the second it is 
diffused through an extensive volume. It is these 
differences in the concentration and the conservation of 
the energy that cause the cannon to be heard much far- 
ther than the heaviest thunder, even though the latter 
almost certainly produces much the greater total atmos- 
pheric disturbance. 

Normal atmospheric electricity—The only reason for 
mentioning normal atmospheric electricity m connection 
with thunderstorms is to emphasize the fact that, con- 
trary to what many suppose to be the case, there is but 
little relation, in the sense of cause and effect, between 
these two phenomena. Thus while the difference in 
electrical potential between the surface of the earth 
and a point at constant elevation is roughly the same at 
all parts of the world, the number and intensity of thun- 
derstorms vary greatly from place to place. Further, 
while the potential gradient at any given place is greatest 
in winter the number of thunderstorms is most frequent 
in summer, and while the gradient, in the lower layer of 
the atmosphere, at many places, usually is greatest 
from 8 to 10 o’clock, both morning and evening, and 
least at 2 to 3 o’clock p. m. and 3 to 4 o’clock a. m., no 
closely analogous relations hold for the thunderstorm. 

Probably the most interesting conclusion in regard to 
normal atmospheric electricity so far drawn from obser- 
ration and experiment is this: That the earth every- 
where, land and water and from pole to pole, is a nega- 
tively charged sphere of practically constant surface 
density, surrounded by an atmosphere so conducting 
that it is constantly carrying away a current that 
amounts on the whole to about 1,000 amperes. 

Where the supply of negative electricity comes fro 
that keeps the surface of the earth on the whole negatively 
charged in spite of this steady great loss, or how the out- 
going current is compensated, no one knows. Rain does 
not help matters for, as we have seen, that is prevailingly 
pe a whereas we need, to compensate the loss, to 

ring back negative electricity and a great deal of it. 
Neither, so far as known, is compensation supplied by 
means of the lightning, for, in the great majority of cases, 
this, too, is positive from cloud to earth. And so the 
puzzle remains. As Simpson (22) puts it: 


A flow of negative electricity takes place from the surface of the 
whole globe into the atmosphere above it, and this necessitates a return 
current of more than 1,000 amperes; yet not the slightest indication of 
any such current has so far been found, and no satisfactory explanation 
for its absence has been given. 


Much more, of course, might be said on this subject, 
for it is a big one on which many have labored, but per- 
haps the above is sufficient for the purpose of this final 
section, namely, to show that, contrary to opinions often 
held, there is no obvious and close relatiaa between the 
thunderstorm and normal atmospheric electricity; that, 
according to our best evidence, they are distinct and inde- 
pendent phenomena. 
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SECTION III.—FORECASTS. 


STORMS AND WARNINGS FOR JUNE. 
By H. C. FRANKENFIELD, Professor of Meteorology. 
[Dated, U. S. Weather Bureau, Washington, July 3, 1914.] 


Storm warnings were displayed on June 6, 23, 26, 
and 27. 

The warnings on the 6th were displayed on the Cali- 
fornia-coast from Point Lobos to Eureka, on account of 
the approach of a marked storm toward the north Pacific 
coast. The warnings of the 23d were displayed on the 
California coast at Kureka only. 

On the morning of the 26th there was a storm of well- 
defined character central over western South Dakota and, 
after special observations had been called for, northeast 
storm warnings were ordered on Lake Superior from 
Duluth to Marquette and on Lake Michigan at Escanaba. 
The storm continued to move outed with about the 
same intensity and on the evening of the 26th southeast 
storm warnings were ordered on the west shore of Lake 
Michigan from Green Bay to Plum Island; by this time 
high northeast winds were blowing over extreme western 
Lake Superior. On the morning of the 27th the storm 
was over southern Minnesota and southeast and south- 
west storm warnings were ordered over the balance of the 
upper Lakes and also at Detroit and Toledo. At 3p. m. 
of the 27th warnings were continued over western : i 
Superior and at Escanaba, and at 10 p. m. southwest 
warnings were ordered for the balance of the lower Lakes. 
The storm at this time was central over Lake Michigan, 
with slightly increased intensity and was moving east- 
ward. High winds characterized the progress of this 
storm, except over the eastern lower Lake region and the 
Atlantic coast. After reaching the lower Lake region the 
storm diminished in intensity and passed off the New 
England coast during the 30th only as a moderate de- 
pression. The highest winds of the storm were experi- 
enced on western Lake Superior, Duluth reporting a 
maximum velocity of 60 miles per hour from the north- 
east during the night of June 26-27; over the remaining 
portions of the Lakes the winds were not nearly so high. 

Small-craft warnings were also occasionally ordered 
during the month on the Lakes, but their display was 
without any features of interest. 

Frost warnings were ordered on the 1st, 5th, 6th, 10th, 
15th, 16th, 19th, and 20th. The frost warnings on the 
Ist were ordered for the cranberry districts of Wisconsin, 
there being at the time acold high-pressure areacentral over 
Minnesota and eastern South Pele Warnings for the 
5th were widely scattered. The high-pressure area that 
had moved southward from the Hudson Bay country 
following a storm from the west was accompanied by a 
decided fall in temperature, and on the morning of the 
5th frost warnings were ordered for the Cape Cod cran- 
berry districts. At the same time pressure was rising 
rapidly in the North Pacific States following a low area 
that at the time was over the Canadian Northwest, and 
frost warnings were ordered for eastern Oregon, southern 
Idaho, western Montana, and northwestern Wyoming. 
On the following morning heavy frost occurred in portions 
of Idaho, but over the remaining sections for which frost 
had been forecast none occurred on account of the per- 


sistence of cloudy weather with rains. On the 10th the 
increased pressure over the northern Plateau indicated 
frost in that section for the following morning, and warn- 
ings were accordingly ordered, but here again clouds inter- 
vened and prevented the formation of the frost. On the 
15th strong high pressure over South Dakota again neces- 
sitated warnings for the cranberry marshes of Wisconsin 
and frost occurred on the following morning over southern 
Wisconsin and upper Michigan. The frosts in Michigan 
had not been anticipated, but they were so light that no 
damage was caused. As this high area continued to 
move eastward, frost warnings were ordered on the 16th 
for northern New England, the interior of Massachusetts 
and New York, the cranberry marshes of New Jersey, and 
the mountain districts of Maryland and Virginia. These 
forecasts were not generally verified although frost 
occurred in scattered localities. On the 19th a high area 
from Manitoba moving southward, following a depression 
over the upper Mississippi Valley and the Lake region, 
indicated quite low temperatures for the following morn- 
ing over the upper Lakes, and frost warnings were accord- 
ingly issued for the general frosts that occurred on the 
morning of the 20th. Frost warnings were also issued 
on the 20th for the cranberry districts of New England 
and New Jersey and for the interior of New England and 
New York, but they failed of verification on account of 
the rapid movement of a disturbance from the west. 
There were several special weather features during the 
month. The first was the cold wave with attendant low 
pressure that prevailed over the districts west of the 
Rocky Mountains from the 2d to the 8th, inclusive. 
During this time pressure remained steadily low with 
temperatures in some localities as much as 30° below the 
seasonal average. Snow occurred on the morning of the 
5th in northern Nevada and on the morning of the 6th in 
northern Utah. Freezing temperatures occurred quite 
generally during the week and it was not until after the 
morning of the 9th that the temperatures rose with 
clearing weather and the approach of a high-pressure 
area from the North Pacific coast. The second unusual 
feature was the heavy rainfall over the greater portion of 
South Dakota during the first two weeks of the month, 
During this time the Weather Bureau station at Huron, 
S. Dak., reported 11.30 inches of rain. The third feature 
was the occurrence of a severe drouth for the first three 
weeks of the month over the interior districts south of the 
Ohio River and in Maryland and Virginia. During the 
fourth week, however, a storm period set in, bringing with 
it frequent and abundant rains over Maryland, the 
District of Columbia, Virginia, and portions of West 
Virginia. Over the remainder of the dry area, however, 
the rains were not of much consequence. The fourth 
feature of the month’s weather was the occurrence and 
persistence of a hot wave over the central, southern, and 
southwestern portions of the country. The hot wave 
in the South was practically continuous after the 6th 
of the month, except for a few days during the second 
decade, and many records for the month were equaled or 
exceeded over the central portion of the country. There 
was a hot wave from the 6th to the 11th, inclusive, and 
another from the 14th to the 27th, inclusive, over the 
central portion of the country during which time records 
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were equaled or exceeded. Over the eastern districts 
the hot waves were not so prolonged, but there were 
two well-marked periods from the 10th-12th, and 
another from the 23d—26th, both inclusive, during which 
records were also equaled and exceeded in southern 
Virginia. 

NORTHERN HEMISPHERE PRESSURE DISTRIBUTION. 


Over the Aleutian Islands, as indicated by the reports 
from Dutch Harbor, low pressure prevailed during the 
first half of the month with a marked minimum on the 
4th and quite well-marked depressions on the 14th and 
16th. After this time pressure ruled high, although not 
decidedly so, except from the 27th to the 29th. Over 
Alaska there were the usual alternations of high and low 
pressures with neither predominating to any large 
extent. The greatest depression occurred at Nome on 
the 12th and the highest pressure on the 20th, also at 
Nome. 

Over the United States west of the Rocky Mountains 
there was a low-pressure period lasting for nearly 10 days 
without any great storm movement. The low pressure 
was then followed by a period of high pressure, which 
prevailed quite generally until the end of the month, 
except between the 18th and 23d, when the barometer 
was moderately low. East of the Rocky Mountains 


there was a more regular alternation of high and low 
pressure areas, but with high pressure prevailing more 
uniformly over the southern districts, with a result 
that a hot wave prevailed during most of the month 
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south of the Ohio River. The storms were not of great 
magnitude, although the extreme northwestern depres- 
sion of the 2d became a severe storm by the time it had 
reached the Newfoundland coast. Over the North 
Atlantic Ocean, as indicated by reports from Bermuda, 
Turks Island, and the Azores, high pressure ruled almost 
uniformly. 

Over tceland and the british Isles high pressure pre- 
vailed during the first half of the month and low pressure 
thereafter, as a rule, with a marked minimum over 
Iceland on the 26th. At Spitzbergen high pressure also 
prevailed throughout the month. Over continental 
isurope the pressure was quite low during the first 
week of the month and high thereafter, as a rule, except 
over southern Russia, where it was low throughout the 
month, except for one or two days about the middle of 
the month. Over Siberia the distribution was irregular, 
but with a tendency toward moderately high pressure 
during the first half of the month, and low pressure 
during the second half. The only decided depressions 
occurred at Tomsk on the 18th and at Irkutsk on the 
19th and Nertchinsk on the 28th. 

Over eastern ‘ hina and Japan conditions were some- 
what more regular with the usual alternations of moder- 
ately high and low pressure areas, except that quite low 
pressure ruled over Japan from the 5th to the 10th. 

Over the North Pacific Ocean, as indicated by reports 
from Honolulu, pressure slightly below normal prevailed 
almost uniformly, except during the first five days of the 
month. 




















JUNE, 1914. 


MONTHLY WEATHER REVIEW. 383 


SECTION IV.—RIVERS AND FLOODS. 


RIVERS AND FLOODS, JUNE, 1914. 


By Henry E. Wiu1aMs, Meteorologist, Temporarily in charge of 
River and Flood Division. 


{Dated, Washington, D. C., July 29, 1914.] 
THE ANNUAL RISE IN THE COLUMBIA RIVER. 


Mr. E. A. Beals, District Forecaster, in charge of the 

olumbia River district reports: 

During the annual rise of the Columbia River this year no flood 
stages were reached except at Vancouver, Wash., and Portland, Oreg. 
Portland is on the Willamette River, and the rise in that stream is due 
to backwater from the Columbia River. Ample warnings were given 
and no losses occurred in consequence of this flood. 

The fact that no great rise would occur this year in the Columbia 
River was announced in the Snowfall Bulletin for the month of March, 
1914, which read as follows: ‘‘From the following reports relating to 
the winter’s snowfall in the Columbia River Drainage Area and the 
amount remaining in the mountains at the end of March, no very 
high water can be expected in the lower Columbia Riv er this season, 
unless unusual temperature conditions prevail in May.’ 


The following table shows the stages reached at the 
various stations along the Columbia River during the 
rise of 1914: 


TaBLe 1.—Annual rise of the Columbia River, 1914. 


| Highest stages, 
1914. 








ae a Flood 
Stations. | Rivers. stage. | 

| | Stage. | Date 

Puy ions 
Feet. | Feet. | 

ORI, TOMO Soa is ve tcnawtseveva Clearwater. ......s.<0 } 12 | 11.9 | May 18 
{ € y ss 
Welset, TAGS 6 fais ci'snes cvisnescies cs ee eee es 14 | 9.6 (Mae + 
EERO. TOMO is is die cine seeer en CHOP WOD s:. 54. 4-55-49 22 | 13.3 | May 25 

RL ee ere a err 30 13.3} Do. 
Bonners Ferry, Idaho.............| Kootenai.............. 26 23.8 | June 6 
ee a Pend Orellle...:...:«. 16 | 13.1 | May 31 
BIOTURIIONS, WV ONE. co.cc cccececses eo ee ee 40 | 23.9 | June 21 

WOO, WOOD. on rtean bas dalesuue QO nsacsdcecendscces] 40 | 32.9 | Do. 
TRON WW ON. gos n cans cdsdcclenscé COacabidnacmarwacat 25 | 14.7 | May 27 
CO ree rrr ee Serer eee 25 18.3 | May 26 
pe re er ae do.... 40 29.6 | May 27 

Compete LOGKS, OFG8......cccecccelecccs do.. 46 eS 
VOOR TEE, FeO ssc oness veucishestessed BO ctiaNaaideseveas 15 17.2 | May 28 
NE SOEU sca cvcnececdsccancsleseas Minden eas enacted 15 16.8 | May 29 


. | | 4 
The Columbia and the Colorado are preeminently 
the two rivers in the United States which have a marked 
rise each year due to melting snow. The volume of 
water that passed down the Colorado this year was some- 
what more than the usual amount, as may be seen from 
the report of District Forecaster Brandenburg, which 
follows: 
COLORADO RIVER. 


Remarkably high stages prevailed in the Colorado 
River during June. In the streams forming the Colo- 
rado the stages, as a rule, were not quite so high as 
occurred during June, 1909, following a winter of excep- 
tionally heavy snowfall, but at one station on the trunk 
stream, Topock, near Needles, the highest stage of 
record, 22.6 feet, occurred. At Yuma, near the mouth, 
however, the highest stage, 29 feet, was 1.7 feet lower 
than occurred in 1909. 

The highest stages of the season occurred at the begin- 
ning of the month in the Grand River and its tributaries, 
in the upper Gunnison and the San Juan. By the 4th 
a steady fall was under way, which lasted until the 10th. 
The stages reached during the rise that followed were 


generally about 1 foot below those of the early part 
of the month. A steady decline set in at the beginning 
of the third decade. In the Green River the season’s 
crest occurred on the 5th and 9th; from the 10th to the 
14th the fall was marked, but throughout the latter half 
of the month the decline was relatively slight. 

In the trunk stream at Topock the highest stage was 
reached on the 9th; a fall of 11 feet occurred during the 
next 7 days. At Yuma the highest stage occurred on 
the 14th and 15th. 

‘Timely warnings, in some cases 8 to 10 days in advance, 
were sent to localities likely to beinjured. Great damage 
was prevented by the protective measures taken. 


ARKANSAS RIVER. 


The av erage discharge of the Arkansas was the greatest 
for June in ‘the last five years. At Salida the “highest 
stage was slightly lower than in 1912 , but at Pueblo 
and Fort Lyon the stages reached were the highest in 
years. No material damage resulted from high water. 


THE RIO GRANDE RIVER. 


In the Rio Grande River the discharge was close to 
the average, while the highest stages reached were lower 
than usual.— F’. H. Brandenburg, strict Forecaster. 


RIVERS IN TEXAS. 


On June 1 most of the streams of the district were still 
above flood stage in their lower portions from the heavy 
rains of May, but were falling rapidly, and, as a rule, were 
at low-water mark by June 29 or 30. The fall in the 
Colorado was interrupted by a sharp, though not serious, 
rise which moved downstream from Ballinger on the 16th 
and reached Columbus on the 21st, flooding some of the 
lowlands in that section and at points below. The Brazos 


TABLE 2.— Maximum stages of Texas rivers during June, 1914. 


ints tat ey 
Stations and rivers. Highest. | Date. 








| 

Rio Grande: Feet. | 

PEE PONG 6c nant cen ess bansadapeuscadecapienbeaceseerheaWacendan 12.9 | 20 

LONGO 56d scwdnin~ dav nnnccdnten iddatebobweehes sheet aasiWes ane 10.0 | 21 

ee 9006s seuadbanes RanEneneesdabes vee 14.3 22 

NS icin os a nlck cilele ua b4dakbs doude eee baateerereeneee das dn 20.4 1 
Guadalu pe: 

PUNE SAA. os oceccusnksedece denned asabher Guat awaamaetnianee 17.3 2 

VRID Win 6 5 odd nbc cc nddensadindesvSbbennedsetpie cede eases 23.1 1 
Colorado: 

Ballinger. .....---..------eeecee ccs ecceeccenececenecnensaeccenes 8.0 16 

PARE BOMB i6oncecuccesccned dis bonbenoensiass saad alee 15.5 19 

BE ccadccisqndivcossniane ewe seadcuahent nent anaetaen ca aane ae 16.5 20 

CIN 561.06. dccuvcdccductcducnd as banewestesanetacewateetudnn 33.2 2 
Brazos: 

aninccudceweiedcbasuee deen secede eedaenen teseewadealaumenl 8.8 1 

Mains oo cicnddguedsuncceacesesepeicageeuacsequeaietusyssNaaes 10.6 1 

DS 154s cb dese whine 00$)00 cond dni abe peepee teadestebbasauaced 18.7 1 
NUE os win casintsss6ccaccatenin seek meee rdeangewesin 39.0 1 

TEAPRRNOGE ini oko ib ci ce cc codcdsccovd ge wentaaes is dedebentebuued 40.4 4 

ON a ee Sa tna ee eee ae ee 40.6 7 
Trinity: 

PT NORODONG iia iis ise waist ss ick 58s aces ep wdedes<sadsspecsodbhhe 4.8 1 

RI iiacs «git ochawa nee es qs n.ctpereerekaaahs ance ams noh cee ele ae 32.2 1 

Ei Ea oid ob o ncbbdicecccliwarceabbadal dus evades gacteseuwe 40.0 5 

CO Sree ee ee a See AE 25.2 12* 

EOE cea os asco te ce dacakescevepsebensoreachetulesenceascautts 27.7 1* 
Neches: 

POI. 0 csn a asec unusaasnbbucwaueensaranawees seaaneneeuna ten 21.1 1* 

PIN sc s.ancccenwakcccanve nan atQudambawhacxeabensadannsanie 9.8 1* 
Sabine: 

NTR SNS 5 once iN cnn cri inattenernansdeussabebarseunksaren 22.9 1 

PE CH SiR civ cncenwevnaveVescnnatunGut sansbnausnacrihadesanes 17.6 1 

2 saccade acne agiieuedbecses keane banebine icmmeken 5.2 1 








*Also 0 on asabgeent dates. 
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rise reached Hempstead on the 4th and Booth on the 7th. 
The Trinity was flooded in its upper portion from June 1 
to 6, and in its lower portion from June 1 to 10. No 
damage was reported from the high water in June, but 
additional damage reported from the May freshets was: 
Guadalupe Valley, $21,000; Trinity Valley, $52,000; and 
railroads, $77,000. 

Tabie 2 shows the highest stages recorded at the various 
river stations during the month.—B. Bunnemeyer, Section 
Director. 


DUBUQUE RIVER DISTRICT. 


A moderate June flood in the Wisconsin River below 
Wausau, Wis., and in the Mississippi River from Dubuque, 
Iowa, to La Crosse, Wis., occurred during the first half of 
the month as the result of very heavy rains in a portion of 
northern Wisconsin on June 3-4. 

The rainfall within 24 hours, beginning at about 5 a. m. 
of the 3d and ending about 4 a. m. of the 4th, was 6.08 
inches at Medford, Wis. It was probably heavier at 
Knowlton, but, unfortunately, the rain gage was blown 
over by the storm and an accurate measurement of rain- 
fall was not obtained. The rainfall within 24 hours was 
2.92 inches at Merrill, Wis.; 2.64 inches at Wausau, Wis.; 
2.48 inches at Antigo, Wis.; 3 inches at Grand Rapids, 
Wis. The rainfall on June 3-4 was 3.55 inches at Marsh- 
field, Wis., and 3.43 inches at Stevens Point, probably 
within a period of 24 hours. 

There was no important rise at and above Wausau, 
Wis. The stage of water at 5 p. m. of June 3 at Knowl- 
ton, Wis., was 2.7 feet. The river began to rise rapidly 
during the night of the 3d—4th, reaching a stage of 5.8 
feet at 5 a. m. of the 4th; 12.2 feet at 5 p. m. of the 4th; 
and a maximum stage of 16.8 feet at 8.45 a. m. on the 
5th. The greatest rise in 24 hours was about 10 feet. 
The only important damage on the Wisconsin River 
occurred at Knowlton, and is estimated as follows: Four 
thousand dollars to bridges; $500 to highways; $3,000 to 
growing crops on lowlands; $200 from suspension of 
business; total, $7,700. 

At Grand Rapids, Wis., the river rose from 3.3 feet at 
7 a. m. of the 4th to a maximum of 12 feet soon after 
midnight of the 6th-7th. At this place numerous cellars 
and basements of business houses were flooded, but the 
goods were removed therefrom, as merchants had suffi- 
cient warning of the flood. The main loss was about $500, 
due to suspension of business. 

There was no loss of much importance below Grand 
Rapids, Wis., except to wild hay, since live stock and 
other property was removed from lowlands and islands as 
the result of warnings issued a number of days in advance 
of the flood crest. Hundreas of acres of wild hay, grow- 
ing on lowlands, was spoiled or damaged. The postmaster 
at Avoca, Wis., states: ‘‘One thousand tons of wild hay, 
valued at $4 per ton, was spoiled.” 


HIGH WATER IN THE MISSISSIPPI RIVER. 


High water in the Mississippi was due cbiefly to floods 
on the Wisconsin and Black Rivers. The water at Lan- 
sing, Iowa, rose 3.2 feet in 5 days, reaching a stage of 
10.2 feet on the 13th. At Prairie du Chien it rose 5.2 feet 
in 7 days, reaching 12.3 feet on the 16th; at Dubuque it 
rose 5.4 feet in 7 days, reaching 13.4 feet on the 18th. 
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The chief damage was to crops on lowlands and islands, 
practically all of which were covered with water from 
1 foot to 3 feet. The exact loss is difficult to deter- 
mine, but probably 1,500 acres or more of growing corn 
and perhaps 200 acres of growing miscellaneous crops be- 
tween Dubuque and La Crosse were inundated; value 
about $50,000. 

The total loss for the Dubuque district, including the 
Mississippi and Wisconsin Rivers, may be summarized as 
follows: Loss to bridges, highways, etc., $6,500; loss of 
prospective crops, $60,000; loss of live stock, $200; loss 
due to suspension of business, $8,000; total, about 
$75,000. 

Warnings were issued a week to 10 days in advance of 
the flood crest, and a small acreage was saved by tem- 
porary dikes. In this connection the following extract 
from a letter from Mr. W. 5. Bickel, of the Bickel Hydro- 
iulectric “onstruction Co., (edar Rapids, Lowa, is of 
interest: 

At the time of the flood I was working along the bottom lands in the 
upper Mississippi Valley. The river stages were forecasted accurately, 
and in case the owners of land had been familiar with the elevation of 
their bottom lands, they might have saved large areas from inundation 
by building temporary dikes, not over 2 feet high. Several fields which 
came under my observation were covered just enough to drown the corn. 

Much live stock was removed from lowlands and islands 
in time to prevent loss. <A large quantity of wood and 
other property was also removed. The money value of 
the property saved by warnings in the Dubuque River 
district is estimated to be about $25,000.—J. H. Spencer, 
Local Forecaster. 


FLOODS IN THE WICHITA RIVER DISTRICT. 


The Arkansas River was high generally throughout the 
Wichita River district between June 16 and 25, 1914, and 
exceeded flood stage at points from Dodge ¢ ity to llin- 
wood, IXans. The river at Dodge itv exceeded its flood 
stage of 5feet on the 17th, reaching a crest stage of 5.8 feet 
at 4:20 p.m. on that date, and receded below flood stage by 
8 a.m. on the 18th. The river overflowed its banks at 
Kinsley on the 19th, reaching a crest stage of about 6 feet 
on that date, and receded below flood stage on the 21st. 
The river overflowed its banks in the vicinity of Ellin- 
wood, on the 19th, reaching a crest stage of 6.8 feet on the 
same day and receding below flood stage on the 20th. 
The flood stages for the last two points are not known 
with definiteness, but are probably about 5 feet at Kinsley 
and about 6 feet at I. linwood. Reports indicate that the 
river, though high, was confined within its banks at points 
below illinwood. The high water reached Wich'ta on 
the 20th, with a crest stage of +1.6 feet at 7 p.m. The 
river receded to a stage of 0.0 foot at 7 a.m. on the 25th. 
The crest at Wichita was probably about 6.6 feet above 
the average stage of the river during the past winter.— 
S. P. Petersen, Observer. 


RIVERS ELSEWHERE. 


During the month flood stages were slightly exceeded 
in the rivers of central and northern California, in the 
James River in South Dakota, the St. Croix River in 
Minnesota, the Yellowstone River in Montana, and the 
Grand River in Missouri, but no damages were reported. 
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Fig. 2.—Mount Lowe, Cal., during the rain of February 20, 1914 
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MEAN LAKE LEVELS DURING JUNE, 1914. 


The following data are as reported in the U. S. Lake 
Survey ‘Notice to Mariners’ dated Detroit, Mich., 
July 6, 1914: 














| Lakes. 
Data. | Michi- | 
| Supe- igan and! Erie. Onta- 
rior. Huron.| rio. 
Pe ee Te font ow edie ce 
Mean level during June, 1914: | Feet. Feet. | Feet. | Feet. 
Above mean sea level at New York.........-.... | 602.49 | 580.60 | 573.04 | 246.91 
Above or below— | 
Mean stage of May, 1914. .........-..2---eee- + 0.16 |+ 0.28 |+ 0.13 |— 0.04 
Mean stage of June, 1913.........-..-----00-- i+ 0.13 |— 0.60 |— 0.82 |— 1.11 
Average stage for June, last 10 years .......... + 0.19 |— 0.47 |+ 0.02 |— 0.23 
Highest recorded June stage............-...- — 0.94 — 3.00 — 1.48 |— 1.72 
Lowest recorded June stage................--- + 1.25 |+ 0.70 |— 1.47 |+ 2.02 
Probable change during July, 1914..................- + 0.2 |+ 0.10 i 0.1 j- 0.1 


FLOOD STUDIES AT LOS ANGELES.’ 


By Forp A. CARPENTER, Local Forecaster. 
(Dated, Weather Bureau, Los Angeles, Cal., Apr. 8, 1914.] 


{An address before the southern California association of members of the American 
Society of Civil Engineers, Los Angeles, Cal., Apr. 8,1914.] 


Introduction. 


The rainstorm of February 18-21, 1914, caused the 
most damaging but not the greatest flood in the history 
of Los Angeles. Railway and street traffic were inter- 
rupted for a period exceeding 24 hours, bridges and road- 
beds were destroyed, the harbor was silted, and some 
ranches and orchards swept bare. The property loss 
probably exceeded $3,000,000. This was offset many 
times over by the great amount of good this storm did in 
filling the depleted mountain reservoirs, raising the level 
of the valley ground water, and amply soaking the hun- 
dreds of thousands of acres of agricultural land in the Los 
Angeles district. 

If such floods were matters of rare occurrence, and the 
resulting damage could not be prevented, then the mone- 
tary loss and the temporary inconvenience might be for- 
gotten, or the “unusual’”’ weather remembered as being 
among the rare occasions in southern California when 
meteorological conditions were not favorable. But such 
is not the case, as will be shown by the accompanying 
tables and charts recording weather conditions since the 
establishment of the local Weather Bureau station 37 
years ago. The object of this present paper is to give 
some of the contributing causes of these floods in general, 
and of the last February storm in particular. It is also 
desired to set forth a brief history of past floods in Los 
Angeles and detail some of their pertinent features. 

As is well known, there is but one reason for the pro- 
duction of rain, viz, condensation of atmospheric moisture 
far below the saturation point. In southern California 
this condensation is brought about primarily by the ac- 
tion of the eddying winds in a storm center and the at- 
tendant upward deflection of moisture-bearing winds. 
Owing to the general eastward drift of the earth’s atmos- 
phere in these latitudes, the air from the Pacific Ocean 
reaches us moist and of nearly constant temperature. 
Precipitation occurs in southern California whenever there 
is sufficient atmospheric disturbance to expand and cool 
the moisture-laden winds far below their dew point. This 
disturbing feature is almost invariably an aerial eddy, 
the familiar “low” of the weather map. Whenever the 
path of a low-pressure area extends as far south as lati- 
tude 40° N., precipitation results in this portion of the 





1 The author desires to acknowledge courteous assistance rendered by the local officers 
of the U. S. Corps of Engineers, the U. S. Forest Service, the manager California Fruit 
Exchange, and many individuals who contributed pracipitation data. 
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State. The amount of the precipitation is determined 
generally by the blocking of a ridge of high pressure, which 

revents the normal eastward drift of the storm area. It 
is thus seen that southern California would be practically 
rainless all of the time instead of more than half the year, 
were it not for the slight southward deflections of the 
paths of the northern storms. 

An examination of a chart of annual rainfall shows 
remarkable variations in the amount and distribution 
of the seasonal fall. The rainfall in southern California 
is evidently one of the least dependable of meteorological 
elements. The irregularity of the seasonal rainfall is 
further shown by the wide difference between the normal 
annual rainfall of 15.5 inches at Los Angeles and the ex- 
tremes of 5.6 inches (1898-99) and 38.2 inches (1883-84). 
As it is, rain occurs only during a fraction of the year. 
Los Angeles has an average of but 16 days with a quarter 
of an inch or more of rain and only 5 days with an inch 
or more. 

Monthly distribution of precipitation. 


In figure 1 the rainfall for each month is plotted around 
a center representing zero and circles are drawn for each 
inch of rainfall. The radials are the months of the year. 
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Table of average precipitation at Los Angeles (412 feet)and Mount Lowe, Cal. (8,420 feet), 
for the 17 complete years 1896-1902, inclusive, and 1904-1918, inclusive (inches). 
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Los Angeles...-| 3.08) 2.82) 8.08 0.42) 0.47 0-08 0.01} 0.02, 0.17| 0.71) 1.27) 1.62)18.60 











Fig. 1.—Diagrams and table of annual march of average precipitation at Mount Lowe 
(3,420 ft.) and Los Angeles, Cal. [alt. 412 ft., A. 8. L., 151 ft. above ground.) 








386 MONTHLY WEATHER REVIEW. 


It is the rose of annual rainfall constructed for two homo- 
geneous sets of 17 years. This rose has the advantage 
of showing continuity in the distribution of rainfall, and 
is more graphic than the ordinary block system, no matter 
whether this latter arrangement begins with January or 
July. This diagram and its accompanying table illus- 
trate two important climatic features—first, the average 
annual distribution of rainfall, and second, the relation- 
ship between rainfall and elevation. Two stations are 
shown, Los Angeles and Mount Lowe. Mount Lowe was 
selected because of its proximity to Los Angeles, being 
within 15 miles of the city and a trifle over 3,000 feet 
higher. Of course the data cover the same years at both 
stations. It will be seen from the rain-rose that prac- 
tically all the precipitation occurs within the months of 
December, January, February, and March. 


Relationship between elevation and precipitation. 


A cursory glance at the chart shows a remarkable 
similarity in the annual distribution as well as in the 
relative monthly amounts at each station. The rainfall 
at the Observatory exceeds that in the city by over 60 
per cent, although the seasonal distribution is nearly 
uniform. Locally, precipitation is increased at a some- 
what regular rate whenever a mountain range near the 
coast faces the rain-bearing winds. The upward de- 
flection of the moist wind brings about precipitation 
commensurate [within limits] with the elevation. The 
reason for this is that the air is slanted upward and is 
cooled by expansion at the rate of 1° F. for about every 
180 feet of ascent. Thus, in the case of Mount Lowe, 
a cubic foot of air making the ascent of 3,000 feet would 
cool 16° if it neither gained heat from nor lost heat to its 
surroundings. A telephotograph of the clouds due to 
this cooling process is shown as figure 2. It is hardly 
necessary to state that it is not the actual contact of 
the moist wind with the mountain slopes or hillsides that 
produces cloudy condensation in the atmosphere, although 
condensation does frequently occur upon rocky headlands 
or ice-covered surfaces. 

The convectional action of thunderstorms may be 
entirely disregarded as a rain producer in the Los Angeles 
region, as it will be noted that less than one-tenth of an 
inch of rain falls during the summer months. 

It will be seen by the accompanying chart, figure 3, 
that for convenience of study the Los Angeles drainage 
district has been made to embrace a region about 70 
miles long by 60 miles wide. This includes Los Angeles, 
Orange County, and portions of Riverside and San 
Bernardino Counties. Tn this territory there are three 
rivers, the Los Angeles, the San Gabriel, and the Santa 
Ana. During most of the year water is flowing in 
different portions of these streams. ‘The rivers appear 
and disappear as their courses cross sand, silt, loam, or 
rock. Not always do these streams reach the sea. 
They have their rise in the northern and northeastern 
mountains of the Los Angeles district and their valley 
bed is of easily disintegrating soil, such as decomposed 
granite and loam along the foothills and silt and adobe 
in the other sections. 

Distribution of precipitation during a tymeal heavy 
flood.—The records of precipitation (rain and melted 
snow) during the storm of February 18-21, 1914, from 
42 stations have’ been collected and tabulated in Table 1. 
in order to present a picture of the distribution of the 
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precipitation, lines representing areas of from 3 to 19 
inches ot rainfall have been drawn. The resulting 
precipitation map (fig. 3) shows that the valleys received 
on an average of less than 7 inches during these three days, 
while the moderate elevations of 2,000 feet, with a south- 
western exposure, received from 12 to 14 inches. The 
highest districts received approximately 20 inches. 


TABLE 1.—Total precipitation, February, 1914, in the Los Angeles 
district. All fell on the 18th, 19th, 20th, and 21st. 





Stations. Rainfall. Stations. Rainfall. 
| Inches. Inches. 
ee i ig ee rare ae at } te nee 3. 87 
iin a Sate Wiel kates | PES ccnscesureseenten ny 11. 44 
Me eae Ef 9, | UOC See | eee 9. 60 
ES Oke oss hina hsunte epee Ot) RG aos an och acaaeokeunes 4.26 
PE tort 10. 92 PN acid tauieenwdesne wer 3.51 
Cleghorn Canyon..............- cf ge.) eee 2.79 
os Ge ee a Set 4.31 || San Antonio Canyon...... eee 12. 25 
oO 1 aaa 8.63 || San Bernardino................ 4.71 
East Highlands................. CP TO IIR 0 vince ececceccscs 11.29 
se eee awe | Se UC. eee 8. 88 
CR ds coos bncdeaenvasnces fee |. pa 2.03 
CO SESE aa 5.68 || Santa Monica.................. 5.50 
Co, ee Guo 1 PO BUIIO se oc cccccvesesnccess 15. 56 
SE IER sic nnkacvccsscwannnd ee ec cu concen neswcsses 16. 29 
Se ae £5. hee 3. 52 
EER aR em aes ean 11.10 | Valyermo, post office........... 57 
ENS oo vo menibhkewnd es ee ee oa cinlainin oinig'aka ie win §. 
re sa eee 10. ‘ 
incase atin sepbaee ewe t tcc ehicmewneas hanes 
PIN MIS cic eneckacancmess RE Ee EE econ bio uavasnseuecas 


The progress of the storm of February 18, 1914.—The 
Weather Map of the Northern Hemisphere for February 
18, 1914, showed an unusually large area of low pressure, 
extending from eastern Asia to southern California. It 
was the southern portion of this low area which made its 
appearance first over the Washington coast. On the 19th 
and 20th the storm had extended southeastward, 
although still off the Pacific coast. On the 21st the 
storm area showed indications of dividing. This separa- 
tion took place the next day and the storm was central 
over the western portion of the United States. On the 
23d the storm, much reduced in size, occupied the Gulf 
States. On the 24th it moved along the south Atlantic 
coast and by the 25th it was off Newfoundland, where it 
remained stationary. On the 27th it recurved, but by 
the 28th it was well at sea headed for Iceland, where it was 
located the next day. This storm, as traced in figure 4, 
thus traveled halfway around the world from its birth in 
the Aleutian Islands on February 18 to where it passed 
beyond the limits of observation on March 1. 


History of past floods. 


For the past 37 years the local office of the United 
States Weather Bureau has maintained a fairly detailed 
account of the occurrence of all floods in the vicinity of 
Los Angeles. The record is shown in Table 2. Los 
Angeles has experienced 15 light floods, 18 moderate 
floods, and 8 heavy floods, and only during 9 of the 37 
years has this vicinity been free from these occurrences. 
The most serious flood in the history of this region was 
that of 1884; and the largest number of floods in any 
one year came in 1889, when one occurred in March, 
another as early as October, and three more in the fol- 
lowing December. The records of the United States Engi- 
neers show that the Los Angeles Harbor at San Pedro has 
been silted five times, viz, 1884, 1889, 1890, 1911, and 
1914. 
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PRECIPITATION IN LOS ANGELES DISTRICT, CAL. 
During the Month of February (18,19,20,& 21),1914. 





% 
























> P ras 
¢ > ° 
‘ My nse Tae - 
landsoO 










s 


nt ge 7 
nl cont i goa 
A 


: Oo 
<< -S.\ Chino 

















3430 
118°30" 

















iS 118°00 














Fig. 3.—Isohyetal map of the Los Angeles district for February 18-21, 1914, 


55828—14——_13 








388 MONTHLY WEATHER REVIEW. 
Taste 2.—Floods in vicinity of Los Angeles, Cal., for the 87 years 
1878-1914. 
ge aan ONIN ER ae oie 
~~ eras b ~~~ | Flood char- Remarks. 


| '24hours.| ter. 





Inches. 

1 | 1878, Jan. 16... 1.16 | Light.....| Bridges washed away. 

2) Feb. 19... 1.33 | Moderate... Do. 

3 | 1879, Dec. 20.... O56 fic O. 2200 Mountain streams swollen. Bridges 
| washed away. Railway travel sus- 
| | } pended. 

4 | 1880, Dec. 20....| & 32 ee Streets almost impassable. 

5 | 1884, Feb. 17....! 3.56 | Heavy....| Severe flood. Great amount of damage. 
| (Harbor silted.) 

6} Mar. 9..... | ok ste Se Los Angeles River in flood. Houses 
washed away. 

7 | 1886, Jan. 19....| 3.77 a Lower portion of city under water. Flood 

quite severe. Several lives lost. 

8 | 1887, Feb. 16.... 3.94 | Moderate..| Severe flood, but not so bad as last year. 
| | Lower part of city flooded. 

9 | 1888, Jan. 4..... SS Sa Several washouts in vicinity. 

10 Dec. 23.... Ee Many washouts. Streets flooded. Dam- 
| age not commensurate with severity of 
| storm. 

11 | 1889, Mar. 17....| 2.53 | Light..... Washouts. Streets in bad condition. 

| River did not overflow. 

12 Oct. 23....| 3.62 | Moderate..| Washo ts on railroads. Unprecedented 
| rainfall for this time of year. Streets 

flooded. 

13 Dec. 12, 15.| 4.30 | Heavy.... —_— ‘oe by washouts. Streets 
| flooded. 

14 Dec. 25....| R98 1; BP, coves The flood was scarcely less severe and dis- 
astrois than that of 1884. (Harbor 
| silted.) 

15 | 1890, Jan. 26....| Sek Flood. Streets turned into rivers. Traf- 


fic suspended. (Harbor silted.) 
2.75 | Moderate..| Many washouts. Bridges carried away. 


16 | 1891, Feb. 
River high. 





17 | 1893, Mar. + eS ae Streets flooded. 

18 | 1894, Dec. 1.7 Do. 

19 | 1895, Jan. 17-18. 1 Do. 

20 | 1896, Dec. 28....| 1 Do. 

21 | 1897, Jan. 14-15.| 1.£ Do. 

22 F 2. each Do, 

23 3.79 | Moderate..| Flood. 

24 2.55 | Light..... Streets flooded. 

25 % ee Sere Streets flooded. Railroad traffic tempo- 

i rarily suspended. 

26 1,95 |...do...... Streets flooded. 

27 J 3.35 | Moderate... Do. 

28 | 1905, Feb. 4..... | 2.25 | Light..... Do. 

29 Mar. 13....| 2.41 | Moderate..| San Gabriel and Santa Ana Rivers very 
| high. Scum flooded. Traffic inter- 

| |} rupted. 
30 | 1906, Jan. 19..../ 2.20 | Light.....| Streets flooded, but no serious damage. 
31 Mar. 26..../ 1.75 | Moderate..| Los Angeles River higher than for many 
years. Streets inundated. 

32 | 1907, Jan. 7-8...) 1.64 | Light..... Streets flooded. 

33 | 1908, Jan. 24....| 5. oe Fee Do. 

34 | 1909, Jan. 21-22.) 3.17 | Moderate..| Streets flooded. Traffic interrupted. 

35 Dec. 31....| fe See Streets flooded. 

36 | 1911, Jan. 28....; Fe Do. 

37 Mar. 9..... 1.99 | Heavy....| Streets flooded. Traffic interrupted. 
j (Harbor silted.) 

38 | 1912, Mar. 9-12...) 2.04 | Light...... Streets flooded. ‘ 

39 | 1913, Feb. 24....) 5.12 | Moderate..| Streets flooded. Traffic interrupted. 

40 | 1914, Jan. 25....| B.S 1. MBcscews Do. 

41 | Feb. 18..../ 4.26 | Heavy....| Streets flooded. Traffic interrupted. 


} Bridges washed away. (Harbor silted.) 


Contributing causes shown by accumulated rainfall pro- 
files.—Figure 5 (p: 390) is a profile of accumulated daily 
rainfall in which the record is made to begin October 2 and 
end with April 2. The horizontal values are in inches and 
hundredths and the vertical divisions in days and dec- 
ades. A glance at this chart will show that in a majority 
of seasons the floods occur after the second heavy rain, 
provided the interval between the storms is not too long. 
If the rain is steady, allowing the water to soak into the 
thirsty soil, floods will not occur, no matter how great the 
total rainfall. For example, on December 31, 1878, no 
flood occurred although 3.58 inches fell in the 24 hours; 
as also in 1892, when 3.75 inches were precipitated on 
November 29; and again on February 1, 1897, when 2.13 
inches were recorded. But without an exception, in 
these instances floods occurred during the next period 
of rainy weather. The profiles do not reveal any instance 
where floods occurred simultaneously with the first storm. 
They indicate that there are three important factors in 
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the production of floods in the Los Angeles district: 
First, the interval elapsing between the last rain and the 
flood; second, the rapidity of the rainfall, and third, the 
total amount deposited. 

During the past 15 years the local office of the Weather 
Bureau has maintained automatic rain gages which give 
very satisfactory records of the actual rate of fall in 
1-minute and 5-minute periods. This record is shown in 
Table 3. It may be summarized as follows: The greatest 
amount in any 5-minute period was 0.36 inch, between 
1 p. m. and 1:30 p. m., February 18, 1914; and during 
the same hour the 10-minute record of 0.66 inch was 
established, as was also the 15-minute record of 0.81 
inch, and the greatest amount in 30 minutes, 1.12 
inches. The greatest amount in one hour, 1.51 inches, 
fell on February 18, 1914: of this amount 1.16 inches 
occurred in 32 minutes. The rate of 2.50 inches in 24 
hours was maintained for 20 hours and 27 minutes 
during this storm. The greatest amount in 24 hours was 
5.12 inches, which fell on February 23-24, 1913. Ex- 
cessive rainfall, as automatically registered on the day 
of the 1914 storm, is shown in detail by Table 4 and 
graphically by figure 6 (p. 391). 


TABLE 3.—Excessive precipitation at Los Angeles, Cal., for the 15 years, 
1899-1914. 




















Duration./ Amounts. Dates. Pacific time. 
Inches 
5 min....| 0.12 Jan. 2,1899 7:38 p. m. to 7:43 p. m. 
Do.....] .20 Feb. 2,1905 (Early morning.) 
| .15 Feb. 10,1906 
1 ie -22 Mar. 12,1906 
Meee } -18 Mar. 5,1907 
ae .14 | Jan. 21,1909 Between 3 and 4 p. m. 
_ —e -15 | Mar. 4,1912 | 10:08 a. m. to 10:13. a m, 
a | -11 | Mar. 6,1912 | 6:28 a. m. to 6:33 a. m. 
Pciene | -14 | Mar. 12,1912 | 11:44. m. to 11:49 a.m. 
_, } 14 Jan. 15,1913 
Ose cts -24 Nov. 12,1913 
| eee .28 Jan. 18,1914 | Between 5a. m. and 6a. m. 
ae .36 | Feb. 18,1914 | Between 1 p. m. and 1:30 p. m. 
7min....| 0.51 | Jan. 14,1908 | 4:16 m. to 4:23 a, m. 
SMe -23 | Feb. 9,1908 | 6:38 a. m. to 6:45 a. m. 
10 min...! 0.40 | Nov. 12,1913 
BP Rs wines } -42 | Jan. 18,1914 
eee -66 | Feb. 18,1914 
15 min...| 0.44 Nov. 27,1905 
eee | -48 Jan. 18,1914 
__ ee | -49 Nov. 12,1913 
Bib scen } -81 Feb. 18,1914 
20 min...| 0.75 Nov. 17,1900 | Between 12:30 p. m. and 1 p. m. 
. | Mar. 13,1905 
30 min.. 0. 68 {Nov. 12'1913 | 
i ae 1.12 Feb. 18,1914 
60 min... 1.51 | Feb. 18,1914 | 


{Feb. 23,1913 
\Feb. 24,1913 
Beis dien 4.26 Feb. 18,1914 


Lessons from the flood. 


Loss by heavy rain is not unknown in the Los Angeles 
district, the flood of 1914 being the third severe flood in 
local history, and the eighth known heavy flood. Records 
show that the floods of 1884 and 1889 were more serious 
than that of 1914. In fact, there appears to be no 
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uestion but that another series of heavy rains which 
Skepasterined the floods in the spring of 1884 would 
make the last storm appear inconsequential. It should 
be remembered that when the great flood took place 30 
years ago, Los Angeles was a town of probably less than 
20,000 inhabitants. With its present population of 
approximately half a million, the run-off area has been 
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of removing snow from the streets of New York City 
during an ordinary snowstorm, and there can be no 
question but that the growth of the city and attendant 
rapidly increasing value of city and surrounding prop- 
erty will make the drainage and utilization of storm 
waters the most important questions now before the 
people of this city and surrounding region. 
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greatly increased owing to the thousands of acres of roofs, 

aved streets, sidewalks, ete., while the absorption area 
hs been correspondingly lessened from the same cause. 
The steady progress in building, especially during the 
last decade, has indirectly diminished the damage by 
floods because of the resultant considerable consumption 
of sand in the manufacture of concrete. This sand, 
dredged from the Los Angeles River, has proportionately 
deepened the channel of the river where it passes chrouh 
the city. 

It has been estimated that New York City’s last 
snowstorm cost $2,500,000 for snow removal alone, 
and that the storms resulted in damage amounting to 
$5,000,000 at the lowest conservative estimate.? While 
the damage by one of the comparatively infrequent 
floods in Los Angeles does not much exceed the cost 


2Eng’r’g record, Mar. 28, 1914, No. 13, 69:354. 


Fiq. 4.—Progress of the storm of February 18,1914. The dates Feb. 18-Mar. 1 indicate successive positions of the center. 








TaBLe 4.—Excessive rainfall automatically registered Feb. 18, 1914, at the 
local office, United States Weather Bureau, Los Angeles, Cal. 


[1.16 inches in 32 minutes.] 
ACCUMULATED DEPTHS, CONSECUTIVE PERIODS, MINUTES. 


[Excessive rate began 12:27 p. m., ended 1:56 p. m., local time (Pacif. stand. T.).) 


Inches’ 
5 minutes....... eee as ce Serre tee Are gs ey rs: 223 Os 
1G sateen. oe. ch Se ee ee 410 
WG apentes, 3). << <i Sb sh ens oh dc bewebo Sea ke Sie .21 
20: minates.;. oo oscisert ees rene ere SOP roe oe ee .29 
25 minutes........ er ee ee eS sks Geto aes . 32 
Se oko ko ieee hes oe <ijp Hn ia cg Gy a . 35 
er Ne a ed Rie Sas Be eee 41 
40 Was ie ca a Ca cc ae es «Oe ee . 45 
45 rasnwtonee:.. .. .i<acte i od as ES. DE eee es . 55 
SO minvtiess.. ii ccd, Cee. Rive. 2a. 20 ee Be . 63 
OO UH MUtERL 6:00 o'ax <a bic bs chad eae Saad « bee 15 ites ee es . 86 
CF WENO a cos 00s Kd nba RRS NESS S ecw 4 heakeeeeee 1. 73 
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ARTIFICIAL DEEPENING OF THE ARKANSAS AT 
WICHITA, KANS. 


By Aurrep J. Henry, Professor of Meteorology, in charge of River 
and Flood Division. 

The continuous removal of sand for building purposes 

from the bed of the Arkansas River immediately below 

the Douglas Avenue Bridge at Wichita has lowered the 


NOV: DEC. JAN FEB.-+- MAR. 


OCT. 


NOV; MAR: 


OCT. 


DEC. JAN—+-FEB: 
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Weather Bureau at Wichita were begun in the latter 
half of 1897, using a gage that had been constructed by 
the city of Wichita. The height of the zero of this gage 
was, so far as can now be determined, 1,284.7 feet above 
sea level. It was graduated from zero to 13 feet. 

In 1905 the Weather Bureau constructed a new gage, 
the zero of which was placed at 1,284.7 feet above sea 


OCT: 


NOV: DEC. JAN—} FEB—+-MAR—4A PR: 


NOV: 


DEC. JAN; FEB-+-MAR-—AP 


Fig. 5.—Profiles of accumulated precipitation at Los Angeles, Cal., for each of the 37 years, 1877-78 to 1913-14. 


channel of the river at that point probably as much as 
5 or 6 feet during the last 10 years. 

The width of the river bed at Wichita is about 500 
feet, but the channel at that point is not more than about 
70 feet wide. 

The observations of stages of water in the river by the 


level. This gage was graduated from —0.5 to 12 feet. 
In 1907 it became necessary to extend the lower section 
of the gagefrom —0.5 to —3.0 feet. In 1909 the Weather 
Bureau erected a second new gage on the Douglas 
Avenue Bridge. This gage was at first graduated from 


—3.0 to 12 feet, but later, by reason of the lowering of 
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the channel, it was extended to —6.5 feet, at which 
oint it remains. Thus the graduation of the gage has 
een extended from zero in 1897 to 64 feet below zero in 
1911. There has been no change in the zero of this gage. 
In order to determine the approximate amount of 
lowering, a study of the gage relations between Wichita 
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Bureau, using the gage of the United States Geological 
Survey, continued the series of daily readings at Hutch- 
inson through the months of April to August of each 
year until 1913, when the station was finally closed. 
Thus there is available two series of comparative readings, 
the first extending from 1898 to 1903 and the last from 
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Fig. 6.—Accumulated hourly rainfalls, Los Angeles, Cal., February 18-21 and 24, 1914. 


named point is 43 miles up river from Wichita. Daily 
gage readings at Hutchinson were maintained by the 
United States Geological Survey from 1896 to 1903. 
During six years of that time corresponding readings 
were made at Wichita. Beginning in 1909, the Weather 


Inasmuch as the zeros of both gages were set approxi- 
mately at the bed of the river, the monthly mean values 
should enable us to determine whether or not the gage 
relations which existed in the early period continued 
throughout the second period. 
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The comparative means are given below. 


TaBLe 1.— Monthly mean river gage readings, Hutchinson and Wichita, 
Kans. 


[First period: 1898-1903.] 














Station. April. | May. | June. | July. |August. 
Feet. | Feet. | Feet. | Feet. | Feet. 

Te See ee Re 2.0] 2.2 3.0 2.0 1.7 

Pe eb tuts culphdnctsditenbessdcesannns ae) «2S 3.9; 22] 1.9 

0 ES ae See ee 0.3) 0.6) O09) 0.2] 0.2 

[Second period: 1909-1912.] 

3 ek eee ee See oe | Ble BOl—8OT Bet. be 

RE EE Se ee ae —2.7 —2.4 —2.6 —3.4| —3.2 
NL cere chibeakssswalewesncdsseu —4.1 | —4.0 


—4.2, —4.4 | —4.6 

There was no change in the zero of either of the above 
gages during the life of the observations. The results 
show that during the earlier period the Wichita gage 
readings were uniformly a little higher than those of 
Hutchinson, while the means of the later period show 
that the Wichita gage readings were, on the average, 
about 4 feet lower than those of Hutchinson and about 
the same amount lower than those of the earlier period. 
We also note that the means of the second period at 
Hutchinson are lower than for the first period by as 
much as a foot or more in the months of June and July. 
The lesser values of the second period may have been 
due to an actual diminution of stream-flow, since the 
quantity of the latter varies from year to year. 


MONTHLY WEATHER REVIEW. 





JUNE, 1914 


We assume that the stream-flow at Hutchinson and 
Wichita is practically identical, since no diversion of 
water is made between the two points. The character 
of the bottom is the same at both points, viz, sandy and 
shifting. So far as known, no considerable quantity of 
sand was removed from the river channel at Hutchinson. 

The removal of sand from the river bed at Wichita 
would tend to cause a flow of sand downstream, in the 
channel, and such flow would continue until the depres- 
sions caused by the removal of sand were filled up. 

Mr. S. P. Peterson, official in charge at Wichita, Kans., 
writes: 


In my opinion the river bed has lowered about 6 feet since the cae 
ing of sand on a large scale was begun in 1904. The Big Arkansas 
River occasionally becomes dry above the point of confluence of this 
river with the Little Arkansas River, but there is always some water 
flowing into the big river from the little river, and this water passes 
by the Weather Bureau gage on the Douglas Avenue Bridge, about one- 
third of a mile below the point ofconfluence. The lowest stage recorded 
prior to 1904 when the Big Arkansas River was dry about the point 
of confluence was +0.7 foot, in November, 1897. The lowest stage ob- 
served in the past few years under similar conditions of dryness of 
the big river was —5.4 feet. The stream-flow passing by the gage was 
probably the same in both cases, as the volume of water from the little 
river is usually quite small, and especially so in dry seasons. The 
difference between the two’stages mentioned is 6.1 feet. This would 
seem to indicate approximately the amount of lowering of the bed of 
the Big Arkansas River since the pumping of sand was begun. The 
stage of —5.4 feet, under the condition of dryness mentioned, was 
first observed in June, 1911, and this same stage (estimated) was 
observed early during this current year, the Big Arkansas River being 
dry above the point of confluence. It would therefore seem that a 


correction of about +6 feet should be applied to gage readings from 
1911 to the present time in order to make these readings comparable 
with the readings made before 1914. 
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ANNOUNCEMENT. 


RESUMPTION OF SEISMOLOGICAL WORK. 


Authority having been granted by Congress for the 
Weather Bureau to conduct seismological work, to begin 
with July 1, 1914, this work will accordingly be resumed. 

As but limited funds are available for inaugurating the 
work, it will consist at the beginning of a systematic col- 
lection of noninstrumental reports, to be rendered on 
roe cards or other appropriate form, giving the essential 
eatures of such slight earthquakes as are likely to be felt 
in almost any part of the United States. Particular 
attention will be paid, however, to the Pacific coast and 
Rocky Mountain regions; the Mississippi Valley in the 
vicinity of Missouri; certain parts of New York State 
and New England, and possibly the region in the vicinity 
of Charleston, S. C. 

It is believed that by the collection and study of 
numerous reports of this character it will be soaaitte to 
locate sections of the United States where seismic motion 


on existing fault lines is taking place with some fre- 
queeey and regularity. The location and mapping of 
these points of weakness are of great importance in the 
conduct of certain kinds of engineering work, especially 
those relating to great water supply projects or similar 
engineering undertakings where it is necessary to pro- 
vide against injuries resulting from possible earthquake 
motions. 

The development of the work along instrumental 
lines, which will proceed as rapidly as funds permit, 
contemplates the establishment of a limited number of 
instrumentally equipped stations that will serve to yield 
records not only of sensible seismic phenomena but also 
of the great unfelt vibrations resulting from large distant 
earthquakes. 

The seismological work will be under the supervision 
of Prof. William J. Humphreys. 

C. F. Marvin, 


Chief of Bureau. 
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SECTION V.—BIBLIOGRAPHY. 


RECENT ADDITIONS TO THE WEATHER BUREAU 
LIBRARY. 


By C. Frrznvucn Taman, Professor in charge of Library. 


The following have been selected from among the titles 
of books recently received as representing those most 
likely to be usetul to Weather Bureau officials in their 
meteorological work and studies: 

Angenheister, G[ustav]. 

Die luftelektrischen Beobachtungen am Samoa-Observatorium 
1912-13. 16 p. 8°. (Aus den Nachrichten der K. Gesell. der 
Wissenschaften zu Gottingen. Math.-phys. Kl. 1914.) 

Australia. Commonwealth bureau of meteorology. 

Rain map of Australia for the year 1913. [Melbourne. 1914.] 

56 x 64 cm. 
Bavaria. K. Meteorologische Centralstation. 
Deutsches meteorologisches Jahrbuch fiir 1913. Miinchen. 1914. 


AO 
Canada. Meteorological service. 
Report, 1910. Ottawa. 1914. 2v. 4°. 
Chile. Instituto central meteorolégico y geofisico. 

Annuario meteorolégico de Chile. Primera parte (30 estaciones 
in extenso). 1912. [Spanish and German text.] Santiago de 
Chile. 1914. vii, 361 p. f¥. 

Conference of the directors of the weather services of the Far East. 

Report of proceedings of the Conference... held at Tokyo, 
, anol May 12-18, 1913; published by the Central meteorological 
observatory of Japan. Tokyo. 1913. 48p. 7pl. 8°. [Deals 
with the discussion and adoption of uniform storm-warning and 
weather-telegram codes for the Far East.] 

Dalgado, D. G. 

The climate of paar and notes on its health resorts. Lisbon. 

1914, xxiv,479p. 6 maps. 8°. 
Frankfurt. Ph sikalischer Verein. 

Berichte des Meteorologisch-geophysikalischen Institutes und 
seines Taunus-Observatoriums. Nr. 1. 1913. Braunschweig. 
1914. 75p. Spl. map. f°. 

Granada. Observatorio meteorolégico de Cartuja. 

Boletin anual, 1909. Granada. 1913. 69p. f°. 

Great Britain. Advisory committee for aeronautics. 

Technical report, 1912-13. (With appendices.) London. 1914. 
416 p. 8°. 

Hamberg, H[ugo] E{[manuel]. 

Storleken av temperaturens dagliga variation pA den Skandinaviska 
halvén. Grandeur de la variation diurne de la température dans 
la péninsule Scandinave. [Swedishand French text.] Uppsala. 
1914. 71 p. 30 pl. f°. (Bihang till Meteorologiska iaktta- 
gelser i Sverige, vol. 54, 1912.) 

Havana (Cuba). Observatorio del Colegio de Belén. 
[Observaciones meteogologicas.] Ano de 1913. Habana. 1914. 
° 


ah 7. 
Hellmann, G[ustav]. 

Beitrige zur Geschichte der Meteorologie. Nr. 1-5. Berlin. 
1914. 147 p. 4°. (Verdff. des K. Preuss. meteorologischen 
Instituts, Nr. 273.) 

Hesse. Grossherzogliches hydrographisches Bureau. 

Niederschlagsbeobachtungen, 1913. 13. Jahrgang. Darmstadt. 
1914. 5lp. f°. 

Hongkong. Royal observatory. 
teport of the director, 1913. Hongkong. 1914. llp. 8°. 
Humphreys, William J[/ackson]. 

The thunderstorm and its phenomena. [Abstract.] (Jn Current 
news, published by the Philadelphia electric co. Philadelphia. 
waa 1914. v. 9, no. 3, p. 178-189. 8°.) 

Ihne, E[gon}. 

Phaenologische Mitteilungen, Jahrgang 1913. Darmstadt. 1914. 
48 p. 8°. (Arbeiten der Landwirtschaftskammer fir das 
Grossherzogtum Hessen, Heft Nr. 16.) 


India. [Meteorological department. ] 

Memorandum on the meteorological conditions prevailing before 
the advance of the southwest monsoon, by Gilbert T. Walker. 
Simla. 1914. 4p. f°. 

Indo-China. Service météorologique. 

Bulletin pluviométrique. Tableaux mensuels, annuels et carte. 

Année 1913. Phu-Lien. 1914. unp. f°. 
International polar commission. 

Procés-verbal de la session tenuea Rome en 1913. Bruxelles. 1913. 
293 p. 8°. [“Bibliographie antarctique, par J. Denucé,”’ 
p. 25-293,—a classified list including sections on metecrology- 
climatology, atmospheric electricity, auroras, ice, etc.) 

Kiebel, Aurel. 

Die Temperatur von Mies. Ein Beitrag zur Kennzeichnung des 
Klimas der Stadt. [2.Teil.] Pilsen. [1914.] llp. 8° (Aus 
dem Jahresberichte des K. K. Staats-Ober-Gymnasiums in Mies 
1913-1914.) 

Kodaikanal and Madras observatories. 

Annual report, 1913. Madras. 1914. 23p. f°. 

Livingston, Burton Edward, & Livingston, Grace Johnson. 

Temperature coefficients in plant geography and ‘climatology. 
(With three figures.) 349-375 p. 8°. (eprint: The botanical 
gazette, Chicago. v. 56, no. 5. Nov., 1913.) 

Lottermoser, E{ckhard]. 

Beitrige zur Kenntnis der Windverhiltnisse tiber Mittelamerika 
und seiner Umgebung. 497-511 p. 4°. (Ann. d. Hydr., 41 
Jahrg., 1913, Heft 10.) 

[McAdie, Alexander G. } 

The founder of the Blue Hill observatory. A review of the scien- 
tific work of Abbott Lawrence Rotch. Cambridge. 1914. 14 p. 
front. 4°. (Reprint: Annals of the Astron. observ. of Harvard 
college, v. 73, pt 1.) [With portrait and list of his writings. ] 

Massachusetts agricultural experiment station. 

A summary of meteorological records [made at the station], 1889 to 
1913, inclusive, by J. E. Ostrander. Ambherst. [1914.] 121- 
146 p. 8°. (Bulletin no. 153.) 

Mauritius. Royal Alfred observatory. 

Annual report, 1912. Mauritius. 1913. 10 p. 

The cyclones of 22d February to 8th March, 1913, by A. Walter, 
Mauritius. 1913. 9p. map. f°. (Miscellaneous publica- 
tions, no. 4.) 

Meyer, Kirstine. 

Die Entwickelung des Temperaturbegriffs im Laufe der Zeiten, 
sowie dessen Zusammenhang mit den wechselnden Vorstellungen 
iiber die Natur der Wirme; iibersetzt aus dem Danischen von 
Irmgard Kolde. Braunschweig. 1913. 160p. 8°. (Die Wis- 
senschaften, Band 48.) 

Milan. R. Osservatorio astronomico di Brera. 

Osservazioni meteorologiche e geofisiche, 1913. Serie 3, volume 5, 

Milanv. 1914. xv,53p. 4pl. 4°. 
Mossman, R{obert] C{ockburn|. 

Southern hemisphere seasonal correlations. [London.] n.d. 34p. 
map. 8°. (Reprint: Symons’s meteorological magazine, vol. 
48, 1913.) 

Mysore. Meteorological department. 

Meteorology in Mysore for 1912, being the results of observations at 
Bangalore, Mysore, Hassan, and C hitaldrug. 20th annual report. 
Bangalore. 1914. xi,56p. 3pl. f°. 

[Norges landbrugshgiskole, Aas. | 

Veiret paa Aas og temperaturmaalinger i jorden, 1912; ved Eliza- 

beth Ste phansen. Kristiania. 1913. 3lp. 8° 
Okada, T., Fujiwhara, S., & Maeda, S. 

On thunderstorms as a cause of seiches. [Toky6. 1914.] 210- 
221 p. 4°. (Reprint: Téky6 sigaku-buturigakkwai kizi, 2d 
ser., vol. 7, no. 12.) 

Ofia (Spain). Colegio Maximo de la Compafiia de Jesfis. 

Observaciones meteorolégicas, 1913. Ofia. 1914. unp. 8°. 

Osaka. Meteorological observatory. 
Annual report, 1913. Osaka. 1914. 2 pts. 8°. 
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Rey, J.-J. 
Sur quelques apparences de la foudre pendant les orages. Tours. 
1914. 24 p. 4° (£xtrait: Annuaire de la Société météorolo- 
gique de France, février et mars 1914.) 
Saxony. K. Landes-Wetterwarte. 
Dekaden-Monatsberichte., 1912. Jahrgang 15. Dresden. 
131 p. f°. 
Deutsches meteorologisches Jahrbuch fiir 1910. Kénigreich Sach- 
sen. Mit einer Vorarbeit: Ergebnisse der Erdbodentemperatur- 


1913. 


Messungen in Dresden-N. 1907 bis 1910. Dresden. 1913. 214p. . 


6 pl. f°. 

Deutsches meteorologisches Jahrbuch fiir 1912. 1. Hilfte: Ergeb- 
nisse der meteorologischen Beobachtungen. Dresden. 1913. 
104 p. f°. 

Shinjo, Shinzo. 

Meteoreinfille als Ursache des vermuteten Zuriickhaltens der ober- 
sten Atmosphire. Kyoto. [1914.] 14-24 p. 8°. (Memoirs, 
College of sci. and engin., Kyoto imp. univ., v. 6, no. 2, Febru- 
ary, 1914.) 

Sonnblick-Verein. 

22. Jahres-Bericht, 1913. Wien. 1914. 41 p. plates. 4°. 
Straits Settlements. [Principal civil medical officer.] 

Meteorological returns for the year 1913. Singapore. 1914. unp. 


Trabert, Wilhelm. 

Neuere Arbeiten auf dem Gebiete der Wettervorhersage. Wien. 
1912. 18 p. 12°. (Vortrige zur Verbreitung naturwissen- 
schaftlicher Kenntnisse in Wien, 52. Jahrg., Heft 10.) , 

Vincent, J[ean|]. 
Traité de météorologie. 
Wegener, Alfred. 

Beobachtungen tiber atmosphirische Polarisation auf der diinischen 
Groénland-Expedition unter Hauptmann Koch. (Vorliufige Mit- 
teilung.) 12 p. 2pl. 8°. (8S. A. Sitzber. d. Gesell. z. Befér- 
derung d. gesamten Naturwissenschaften zu Marburg, Nr. 3. 
25. Febr., 1914.) 

Wegener, Kurt. 

Temperatur und Regen in Samoa 1909 und 1910 in gedringter 
graphischer Darstellung. 6 p. chart. 8°. (Aus den Nach- 
richten d. K. Gesell. d. Wissenschaften zu Géttingen., Math.- 
phys. Kl. 1914.) 


Bruxelles. 1914, viii, 418 p. 12°. 


RECENT PAPERS BEARING ON METEOROLOGY. 
C. Firznvucn Tatman, Professor in charge of Library. 


The subjoined titles have been selected from the con- 
tents of the periodicals and serials recently received in 
the Library of the Weather Bureau. The titles selected 
are of papers and other communications bearing on 
yell and cognate branches of science. This is 
not a complete index of the meteorological contents of 
all the journals from which it has been compiled. It 
shows only the articles that appear to the compiler likely 
to be of particular interest in connection with the work 
of the Weather Bureau. 


Astronomical observatory of Harvard College. 
0. 73.. HU. 3. 2984. 
McAdie, Alexander [G.]. The founder of the Observatory: A re- 
view of the scientific work of Abbott Lawrence Rotch. p. 60-73. 
[With list of his writings. ] 
Wells, L. A. Features of the twenty-five years observations [at 
Blue Hill observatory]. p. 74-76. 
Brooks, Charles F. The ice storms of New England. 
British association for the advancement of science. Report. 
Birmingham, 1913. London. 1914. 
Owens, J[ohn] S[witzer]. Possible methods for measuring the 
amount of atmospheric pollution. p. 395-396. 
Cairo scientific journal. Alexandria. v.8. May, 1914. 
Shaw, H. Knox. A comparison between the climates of the Khe- 
divial observatory and town of Helwan. p. 112-114. 
Electrical world. New York. v.64. July 11, 1914. 
Electric weather vane. p. 94. 
Meteorological society of Japan. Journal. Tokyo. 
1914. 
wi: a S. M. Kajima’s report on observations with a newly 
esigned anemoscope. p. 28-32. 
Nakamura, Katsuji. Observations of horizontal rainbows. p 
25-28. [See this Review, July, 1914.] 
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Annals. Cambridge, 


p. 77-84. 
83d meeting, 


83d year. June, 
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Nature. London. v.98. 1914. 
ae al M. W. Campbell. The Gulf stream. p. 441-443. 
une 25.) 
wares’ F. J. W. Dynamical units for meteorology. p. 427-428 
une 25.) 
Thomson, A. Landsborough. Birds and weather. p. 457-458. 
(July 2.) [Abstract of paper by A. Defant. 
Aitken, John. Forests and floods. p. 506. (July 16.) 
Physical society of London. Proceedings. London. v. 26. pt. 4. 


June 15, 1914. 
Bower, William R. A graphic treatment of cusped wave-fronts 
and of the rainbow. p. 212-223. 
Royal meteorological society. Quarterly journal. London. v. 40. 
uly, 1914. 
Gold, Ernest. Barometer readings in absolute units and their 
correction and reduction. p. 185-201. 
Seward, A.C. Climate as tested by fossil plants . 203-212. 
Bamford, A. J. On a small anemometer for rence use. p. 213~ 
219. 
Simpson, George] C[larke]. Chief result of the meteorological 
observations made on Captain Scott’s British antarctic (Terra 
Nova) expedition 1911 and 1912. p. 221-227. 
Hon. F. A. Rollo Russell. p. 246-247. [Obituary.] 
Royal society. Proceedings. London. ser. A. v.90. 1914. 
Schuster, Arthur. On Newcomb’s method of investigating periodic- 


ities and its application to Briickner’s weather cycle. p. 349- 
355. 
Scottish geographical magazine. Edinburgh. v.30. July, 1914. 


Wallis, B. C. Geographical aspects of climatological investiga- 
tions. p. 356-369. 
South African journal of science. Capetown. v.10. March, 1914. 
Juritz, Charles Frederick. Chemical composition of rain in the 
Union of South Africa. p. 170-193. 


Tokyo mathematico-physical society. Proceedings. Tokyo. 2 ser. v.7. 
April, 1914. 
Terada, T. Ona typical form of isobar. p. 258-264. 
U. 8. Bureau of standards. Bulletin. Washington. v.10. April 15, 


1914. 
Stillman, M. H. Note on the setting of a mercury surface to a 
required height. p. 371-374. 
Washington academy of sciences. Baltimore. 
Humphreys, William) Jackson]. 
European rainfall. p. 345-347. 
Association francaise pour Vavancement des sciences. 
42 session, Tunis, 1913. Paris. 1914. 
Turpain, Albert. A propos des paratonnerres de grande conducti- 
bilité et de leur eflicacité comme paragréle. p. 236-241. 
Lalin, Michel. Influence de la forét sur la température d’un cou- 
rant aérien, p. 242-243. 
Ciel et terre. Bruxelles. 35 année. Juin 1914. 
Vandevyver. Les nouvelles cartes synoptiques du ‘‘ Weather Bu- 
reau’’ de Washington. p. 169-172. 


v.4. July 19, 1914. 
American temperatures and 


Comptes rendus. 


Lyons. Observatoire. Bulletin. St. Genis-Laval. 1 année. Juin 
1914. 

Vermorel, [V.]. L’assurance contre la gréle. p. 216-223. 
Bavaria. K. meteorologische Centralstation. Deutsches meteorologisches 
Jahrbuch. Miinchen. 1913. 

Huber, Anton. Das Klima der Zugspitze. Anhang L. p. 1-62. 
Finska Vetenskaps-Societetens. Ofversigt af Vérhandlingar. Helsing- 


fors. Bd. 55. Afd. A. 1912-1913. 
Johansson, Osc. V. Dimpfende Wirkungen des Schnees und 
Eises auf die Lufttemperatur. p. 1-64. (no. 11.) — 
Johansson, Osc. V. Einige Studien tiber die monatlichen Tem- 


peraturextreme. p. 1-114. (no. 17.) : 
Leipzig. Geophysikalisches Institut der Universitat. Ver ffentlichungen. 
Leipzig. 2.ser. H.5. 1914. 


esselberg, Th., & Sverdrup, H.U. Das Beschleunigungsfeld bei 
einfachen Luftbewegungen. p. 117-146. 
Meteorologische Zeitschrift. Braunschweig. Band 31. 
Durig, A{rnold]. Die Bergkrankheit. p. 257-265. 
Einige Resultate der meteorologischen Beobachtungen auf dem 
Sonnblickgipfel 3,105 m. (1837-1913.) _ p. 265-270. 
Fowle, F[rederick] E[ugene]. Die Durchlissigkeit der Atmosphire 


Juni 1914. 


fir Strahlung. p._270-275. ‘ 
Braak, Cfornelis]. Uber den Einfluss der Strahlung auf die Wol- 
kenbildung. 275-279. i 
Kleinschmidt, E{rnst]. Berggipfel und freie Atmosphiare. p. 284~ 


286. 

Elsner, G[eorg] v. 
schen der Luft auf Berggipfeln und 
gleicher Héhe. p. 286-287. 

Dobisch, Hermann. Das Doppelthermometer als Verdunstungs- 
messer. p. 287-290. 

Arndt, Arvid. Eine Methode, auf der Karte die Verhiltnisse in der 
Vertikalen darzustellen. p. 292-293. 


Zur Frage des Temperaturunterschiedes zwi- 
er freien Atmosphire in 
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Bemmelen,W[illem] van. Bestimmung des Einflusses von Hiitten- 
aufstellungen der Thermometer in den Tropen. p. 293-295. 

Peppler, Albert. Uber die Abhingigkeit der oberen Luftstrémun- 
gen von der Héhenlage der Stratosphire. p. 296-297. 

Keller, H{ermann]. Ursprung und Verbleib des Festland-Nieder- 
schlags. p. 297-300. 

Mikolajewicz, J. Priifung des Nullpunktes der Stationsther- 
mometer. p. 301. 

Naturwissenschaften. Berlin. 2. Jahrgang. 5. Juni 1914. 

Rudzki, M. P. Der Bau der Atmosphire und dessen Erklirung 
durch R. Emden. p. 549-550. 

Phaenologische Mitteilungen. Darmstadt. Jahrgang 1913. 

Hegyioky, Jjakob]. Das Aufbliihen in der Gegend zwischen der 
Marco und Donau. p. 35-36. 

Der feldmissige Gemiisebau im Grossherzogtum Hessen im Jahre 
1912 nach seiner Anbaufliche und seiner Verteilung auf die 
klimatisch-phaenologischen Zonen. p. 37-48. 

Schweizer. Aero-Kiub. Bulletin. Bern. No.5. Mai 1914. 

Grunauer, Arthur. Luitstrémungen und Luftfahrt. p. 106-111. 

Weiter. Berlin. 31. Jahrgang. 1914. 

Perlewitz, Pfaul]. Erforschung der Luftstrémungen durch die 
Flugbahnen der Freiballone. p. 97-108. (Mai.) 

Grosse, [W.]. Zur Kenntnis der Béen. p. 108-110. (Mai.) 

Krifka, D. Krieg und Wetter. p. 114-119. (Mai.) 

Naegler, W. Uber die Methoden der Bestimmung der Luftfeuch- 
tigkeit und die Bedeutung, welche diese Bestimmung fiir die 
Wetterprognose hat. p. 126-132. (Juni.) 

Siedenburg, T. Das Nahen des Friihlings im Mythus der arischen 
Volker. p. 137-139. (Juni.) 

Wolff-Abendroth, Leopold. Wetterkunde und Schule. p. 140- 
14+. (Juni.) 

R. Accademia dei Lincei. Atti. Roma. v.23. 17 maggio 1914. 

Eredia, Filippo. L’influenza della orografia sulla distribuzione 
mensile della nebulosita. p. 795-800. 

Rivista meteorico-agraria. Roma. anno 34. Aprile 1913. 

Castriota, F. Suil’ intorbidamento dell’ atmosfera durante 1’ estate 

del 1912. p. 365-394. 


NOTES FROM THE WEATHER BUREAU LIBRARY. 


By C. FirzaueH Tatman, Professor in charge of Library. 


METEOROLOGY IN THE SCIENTIFIC JOURNALS. 
What scientific journals should be read by the meteor- 
ologist in order that he may maintain at least a paper- 
knife aquaintance with the whole multifarious progress 
of his science? If he be a specialist in certain branches 
of meteorology, in which journals will he find the most 
and the best literature pertaining to his specialty? These 
questions become more and more important as the num- 
ber of scientific periodicals increases, since there is, as 
yet, no corresponding increase in the extent to which the 
literature of each science is segregated, while such nomi- 
nal segregation as exists is complicated by the over- 
lapping of the sciences, so that meteorology, for example, 
finds itself dismembered in response to the demands of 
the physicist, the geographer, the astrophysicist, the ge- 
ologist, the biologist, the aeronaut, and many others. 
Bibliographies are of limited utility in disentangling this 
complication. By the time a scientific memoir Is pigeon- 
holed and ticketed in the bibliographies it has lost some- 
thing of its pristine charm and interest; hence these com- 
pulations, honsh indispensable for many purposes, do 
not fully meet the requirements of the student whose 
ambition it is to keep fully abreast of the times and even 
a little ahead of the times. 

Of the journals devoted wholly to meteorology little 
need be said. They are so few that the meteorologist 
can easily find time to read all of them, and he naturally 
does so, except when the languages in which they are 
published prove an insuperable barrier. Fortunately 
the reader who knows English, French, German, and 
Italian need not miss much meteorological literature 
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of world-wide interest. Doubtless he sometimes feels 
rather tantalized at the sight of the Meteorologicheskii 
Viestnik (in Russian), Az Idéjérdés (in Hungarian), or 
the Journal of the Meteorological Society of Japan 
(which is mostly in Japanese, though occasional papers 
are published in English, German, and— Esperanto!); but 
it is safe to say that there is little of permanent interest 
in the contents of these exotic publications—except, per- 
haps, some papers dealing with local climatology— 
which does not find its way, in abstract or translation, 
into the journals published in more familiar tongues. 
Hemel en Dampkring (the leading Dutch journal of as- 
tronomy and meteorology) can be negotiated with toler- 
able facility by the reader who has a good knowledge of 
German, and a Dutch dictionary at hand for occasional 
reference. 

The Meteorologische Zeitschrift must be named first 
among the purely meteorological journals published in 
languages which the majority of meteorologists can read. 
It is the arena in which the most advanced and vital 
questions are fought out by acknowledged leaders in the 
several branches of the science to which it is devoted. 
The Zeitschrift, the Quarterly Journal of the Royal 
Meteorological Society, and the Monthly Weather Review, 
with perhaps, the Beitrige zur Physik der freien Atmos- 
phiire, are the indispensable journals to the meteorolo- 
gist of English speech; but this statement is by no means 
intended to disparage the great importance of such pub- 
lications as the Annuaire de la Société Météorologique 
de France (published monthly, in spite of its name), 
Das Wetter, the Journal of the Scottish Meteorological 
Society, Symons’s Meteorological Magazine, the Memoirs 
of the Indian Meteorological Department, the Bolletino 
of the Societ&é Meteorologica Italiana, the Annalen der 
Hydrographie und maritimen Meteorologie, and Ciel et 
Terre (which last, however, is now rather more astro- 
nomical than meteorological). Certain annual publica- 
tions need to be enumerated here, notably the annual 
reports of the Bureau Central Météorologique de France, 
the Royal Prussian Meteorological Institute, the Uffizio 
Centrale di Meteorologia (Rome), and the Lindenberg 
Observatory, all of which, besides administrative and 
statistical matters, contain numerous memoirs of the 
highest interest. The Annuaire Météorologique of the 
Royal Observatory of Belgium is a somewhat analogous 
publication, while there are many yearbooks of other 
meteorological services and observatories which contain 
occasional memoirs dealing with problems in general 
meteorology. 

The purpose of the present note is not, however, to 
discuss the ostensibly meteorological journals, but to 
point out publications of a more general character, or 
devoted to particular subjects other than meteorology, 
which nevertheless the meteorologist ought to see regu- 
larly on account of the large amount of literature they 
contain relating directly to his science. The task of se- 
lection is not easy. A long list would defeat its purpose, 
since the average meteorologist has not time to read all 
the publications that might, with more or less propriety, 
be enumerated here, nor, in most cases, would he have 
access to allof them. On the other hand, the writer feels 
reluctant to omit any of the journals, some two hundred 
in number, which, with great profit to himself, he searches 
regularly for meteorological papers to be catalogued in 
the library, and listed among ‘‘Recent Papers” in the 
Montuiy WEATHER Review. The editors of the journals 
not mentioned below will, of course, understand that the 
principal criterion governing our selection is the amount 
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of purely meteorological material ordinarily found in the 
various publications considered in making up this list, 
so that the omission of a journal is not a reflection upon 
its general merit or scientific standing. In fact, the 
writer proposes merely to jot down a list of the publica- 
tions that come first to his mind as being of special in- 
terest to meteorological readers, without making a criti- 
cal examination of the files of all the journals at hand 
in order to verify his impressions. 

Two weekly publications which every meteorologist— 
and, in fact, every man of science—reads as a matter of 
course are Nature (London) and the Comptes rendus of 
the French Academy of Sciences. Nature is ‘‘ the scien- 
tific man’s newspaper,” and a “newspaper” according to 
English canons of dignity and scholarship. In the 
Comptes rendus the various sciences are convenientl 
segregated, so that generally the meteorologist finds all 
that he wants on the last three or four pages of each num- 
ber. This publication is, of course, totally different in 
purpose aud scope from Nature, and we mention them 
together merely because they are both weeklies and both 
indispensable. ‘The American weekly Science publishes, 
intermittently, a department of meteorological notes and 
abstracts, but otherwise devotes much less attention to 
meteorology than does its English contemporary. Among 
the more popular weeklies, the Scientific American, Pro- 
metheus, ha Nature, and Cosmos contain meteorological 
articles or news notes in every number. 

Coming, now, to the journals of general science issued 
monthly or at other intervals longer than a week, certain 
of these deserve special mention as the recognized chan- 
nels for the publication of the most important meteoro- 
logical memoirs written in the countries where they 
appear. Thus the Sitzungsberichte of the Vienna Acad- 
emy of Sciences publishes the most substantial con- 
tributions of Austrian meteorologists which are too 
long to appear in the Meteorologische Zeitschrift, and a 
somewhat analogous service is performed in Russia by 
the Memoirs of the Imperial Academy of Sciences, and in 
Scotland by the Transactions of the Royal Society of 
Edinburgh. Of journals which are not so consciously 
enlisted in the service of meteorology, but in which this 
science is nevertheless well represented, may be men- 
tioned the Proceedings and Phikssowhivel ‘Lransactions 
of the Royal Society of London, the Philosophical Maga- 
zine, the American Journal of Science, the Journal of the 
Franklin Institute, the Proceedings of the American 
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Academy, the Proceedings of the American Philosophical 
Society, the Archives des sciences, the Atti of the two 
‘‘Lincei”’ academies in Rome, the South African Journal 
of Science, and, among more popular publications, 
Knowledge, Himmel und Erde, Da Weltall, and the 
— Science Monthly. ‘ 

mong geographical journals: Petermanns Mitteilungen, 
Geographical Journal, Geographische Zeitschrift, Zeit- 
schrift der Gesellschaft fiir Erdkunde zu Berlin, Bulletin of 
the American Geographical Society, Scottish Geographical 
Magazine, Annales de géographie, la Géographie, Bollet- 
tino delia Reale Societaé geografica italiana, and, last but 
not least, Mitteilungen aus den deutschen Schutzgebieten, 
with its splendid contributions to the climatography of 
hitherto little-known parts of the world. 

Among physical journals: Physikalische Zeitschrift, 
Annalen der Physik, Journal de Physique, Annales de 
physique, Physical Review, and Proceedings of the Tokyo 

{athematico-physical society ; together with suchelectrical 
journals as Elektrotechnische Zeitschrift, Electrician, Elec- 
trical World, Jahrbuch der Radioaktivitit, and Radium. 

Among astronomical journals: L’Astronomie, the Ob- 
servatory, Annals of Harvard College Observatory (which 
publishes the memoirs from Blue Hill), and the Astro- 
physical Journal. 

Of aeronautical journals the name is legion, and all of 
them are necessarily more or less concerned with the air 
and the science thereof. Perhaps Technique aéronaut- 
ique and Deutsche Luftfahrer Zeitschrift are those which 
the meteorologist can least well afford to overlook. 

In the miscellaneous class all of the following must 
certainly be included: Beitriige zur Geophysik, Terres- 
trial Magnetism and Atmospheric Electricity, Zeitschrift 
fiir Gletscherkunde, Zeitschrift fir Gewéa:serkunde, 
Zeitschrift fiir Balneologie, Engineering News, Proceed- 
ings of the American Society of Civil Engineers, Aus dem 
Archiv der Deutschen Seewarte, and Zeitschrift fir 
Instrumentenkunde. 

Last come various abstracting journals, in which the 
overworked meteorologist may find tabloid versions of 
papers which he has not time to peruse more satisfactorily: 
Science Abstracts, Journal de physique, Fortschritte der 
Physik (the annual ‘“‘kosmische Physik” volume), Bei- 
blitter zu den Annalen der Physik, Experiment Station 
Record, and Bulletin of Agricultural Intelligence and 
Plant Diseases (the last two containing, especially, ab- 
stracts of papers on agricultural meteorology). 
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SECTION VI.—_WEATHER AND DATA FOR THE MONTH. 


EXCESSIVE PRECIPITATION AT OKLAHOMA, OKLA. 


In the Meteorologische Zeitschrift for April, 1914, Prof 
Julius v. Hann draws attention to what he believed to be 
an unusually heavy rainfall of brief duration at Okla- 
homa, Okla., between 3:35 a. m. and 6:10 a. m., July 1, 
1913.1. Unfortunately the monthly table of accumulated 
excessive precipitation was misinterpreted in this case by 
Prof. Hann. 

When this table, now called Table IT, published monthly 
in this Review for many years past, was devised it was 
found impracticable to make it sufficiently wide to accom- 
modate on one line the record of accumulated falls that 
continued at an excessive rate for several hours. It was 
decided that in the latter case the record should be broken 
at the end of each 50 minutes, the accumulating amounts 
being recorded on successive lines until the excessive rate 
ended. 

In the light of this explanation of the table it is clear 
that the entry for Oklahoma, Okla., under July 1, 1913, 
in the second line, 5-minute column (1.26 inches), repre- 
sents the accumulated fall for 55 minutes; and that in the 
last line for Oklahoma, the entry in the 5-minute column 
(4.19 inches) represents the accumulated or total fall for 
155 minutes during which the falls had been at an ex- 
cessive rate as measured by the scale of excessive rates 
given under the heading ‘‘Description of Tables and 
( harts” (below p. 401). The fall for the last 5-minutes 
period was only 0.13 inch (3.3 mm.). 

The above statement is published here because the 
erroneous interpretation referred to above is being widely 
published and attributed to this Review, by both tech- 
nical and popular | uropean journals. Journals that have 
printed this error are requested to give equal prominence 
to this correction.—[c. A. jr.] 


THE WEATHER OF THE MONTH. 
By P. C. Day, Climatologist and Chief of Division. 


Pressure—The distribution of the mean atmospheric 
pressure over the United States and Canada, and the 
prevailing directions of the winds, are graphically shown 
on Chart VII, while the average values for the month at 
the several stations, with the departures from the normal, 
are shown in Tables I and III. 

The mean barometric pressure for the month as a whole 
was above the normal over the entire country, save in 
New England, the interior of Virginia and North Caro- 
lina, and locally in the middle Missouri Valley, where the 
means were slightly less than normal. The more marked 
plus departures appeared in the middle and west Gulf 
States, extending into eastern New Mexico, and in the 
upper Lake region and upper Mississippi Valley. How- 
ever, as a rule the departures from the normal were not 
large, the means in most districts being near the normal 
values. 





1 See Monthly Weather Review, Washington, July, 1913, 41 : 1128, 





During the first few days of the month a moderate 
high pressure area occupied the central and eastern 
districts, which passed to sea about the 3d, and was 
followed by a trough of low pressure, extending on the 
morning of the 4th from the Lake region westward to the 
northern mountain districts. By the following day a 
high pressure area of considerable magnitude overspread 
the Hudson Bay district and slowly moved southward 
during the next few days to the southeastern States. 

On the 8th-10th a moderate depression moved east- 
ward over the northern bcrder States and Canadian 
Provinces, after which no barometric changes of conse- 
quence occurred until about the middle of the month, 
when a rather extensive area of high pressure advanced 
from the Canadian Northwest, overspread the central 
and northern districts during the following few days, and 
passed to sea about the 18th. From the 22d to the 25th 
relatively high pressure obtained over the southern 
States east of the Rocky Mountains, and from the last 
named date to the close of the month a disturbance of 
considerable energy moved the central and 
northern districts from the Pacific Ocean to the Canadian 
Maritime Provinces, with considerable diminution in 
intensity with approach to the ocean. 

‘Lhe distribution of the highs and lows for the month 
was favorable for the occurrence of southerly winds as 
yrevailing direction over most districts east of the Rocky 
Mountains, while the prevailing directions to the west- 
ward were variable. 

Temperature—The month opened with moderately 
warm weather over all parts of the country, and during 
the first few days a warm area advanced slowly eastward 
from the Canadian Northwest, reaching the great valleys 
by the 4th. At the same time cool weather set in over 
the far West and overspread the mountain districts 
during the next few days, with temperatures as low as or 
lower than had been recorded for many years at the 
same period, and with local snows and frosts at exposed 
points. About this time much cooler weather obtained 
over the northern districts from the upper Mississippi 
Valley eastward, but to the southward temperatures 
continued quite high. 

About the 8th high pressure over the northeast and a 
moderate depression on the Middle Atlantic coast re- 
sulted in a marked fall of temperature in New England 
and the Middle Atlantic States. However, temperatures 
continued high over interior districts, but were moderate 
and below normal from the Rocky Mountain region west- 
ward. About the 11th the cool weather in the northeast 
gave way to much higher temperatures, while warm 
weather continued in central and southern districts, with 
readings as high as or higher than ever before recorded 
for the period of the year at many points on the 10th or 
11th. By the middle of the month temperatures were 
everywhere moderate, except in the south, where they 
continued high, but during the next few days the warm 
weather there was displaced by more moderate tempera- 
tures, and about the 20th the weather was unusually cool 
for the season in the Lake region. 
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About the 22d unusually cold weather obtained in por- 
tions of the mountain districts, expecially in Wyoming 
and adjoining States, where heavy local frosts occurred. 
This wt area did not, however, advance eastward to an 
marked extent and in a day or two it had largely dissi- 
pated, but in the meantime there was a shaavak warming 
up over eastern districts and temperatures had again be- 
come high in the south. During the last few days of the 
month temperatures were low for the season over north- 
ern districts from New England westward to the Rock 
Mountains, but high temperatures continued in the sout 
and the weather had become warmer in the far West. 

The mean temperature for the month was above the 
normal over all sections from the Rocky Mountains east- 
ward, save along the northern border and in New Eng- 
land, where minus departures occurred. The plus de- 
partures ranged from 3° to 6° in all central and southern 
districts east of the Plains States. To westward of the 
Rocky Mountains the month was everywhere cooler than 
the average, except in the extreme southwest where the 
mean temperature was slightly above the normal, the 
more marked minus departures occurring in the central 
and northern Plateau region and along the northern coast 
of California. 

The extremes of temperature during the month were 
frequently quite marked, especially the maximum read- 
ings in central and southern districts east of the Plains 
States about the 10th and 12th, and again about the 24th 
to 27th, when they were frequently above 100° and at 
numerous points equaled or exceeded any previous record 
for June. Minimum temperatures were quite low at 
points in the Lake region on the 17th and the 20th, and 
along the California coast during the last decade of the 
month. 

Precijntation.—Unsettled, showery weather prevailed 
over the more western districts during much of the first 
week of the month, and from the 4th to the 9th precipita- 
tion was quite general over all northern districts from the 
Rocky Mountains eastward to New England. From the 
8th to the 15th precipitation was generous over the Mis- 
souri and upper Mississippi valleys and portions of the 
middle and northern Rocky Mountain region and locally 
in the lower Mississippi Valley, the east Gulf and South 
Atlantic States, with some heavy falls in portions of the 
upper Mississippi Valley and northern Plains States. 
From the 15th to the 20th the rainfall was mostly of a 
local character, but large areas of the country received 
generous amounts, especially the Lake region, central and 
western Texas, portions of the Mountain districts and 
locally in the southeastern States, but considerable areas 
in the middle Mississippi and Ohio valleys and Middle 
Atlantic States received little or no precipitation. 

During the last decade of the month the rainfall was 
above the normal and in some cases excessive over por- 
tions of the Middle Atlantic States and all northern dis- 
tricts from the Lake region westward to the Pacific 
coast, the falls in portions of North Dakota, Minnesota, 
and Wisconsin being especially heavy; but over the 
central and southern sections little or no rain occurred 
during the decade. 

For the month as a whole the precipitation was heavy, 
ranging from 6 to 8 inches, in the upper Mississippi Valley 
and the northern Plains States, and was above the 


normal in all central and northern districts from the. 


Lake region westward to the Pacific, save in Missouri and 
alee of adjoining States, Wyoming, and the far 
Northwest. In all other districts the amounts were 
_— generally below the normal, with some marked 
eficiencies in the central and eastern districts, and to the 
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southward. Little rain occurred during the month in 
the middle Mississippi Valley and southwestward over 
Oklahoma and much of Texas, and the total falls were 
also light in portions of the Middle Atlantic States. 

For the season, March 1 to the end of June, the pre- 
cipitation was decidedly below the normal over all cen- 
tral and southern districts east of the Rocky Mountains, 
save in Texas, the minus departures ranging from 4 to 8 
inches, and less than the average amount was likewise 
received in the Pacific Coast States and over much of the 
northern mountain region. The total for the season was 
above the normal in much of the Lake region, the north- 
ern Plains States, the central and southern mountain 
districts, and in Texas. 


GENERAL SUMMARY. 


The more noteworthy features of the month’s weather 
were the heavy rainfall in the northern districts from the 
Lake region westward to and including the northern 
mountain States, and the scanty amounts and excessive 
temperatures over the central and southern sections east 
of the mountains. The weather was favorable for ma- 
turing winter wheat and for harvesting where cutting had 
begun, as well as for rapid growth in the spring wheat 
belt, but somewhat too much moisture was received in 
portions of the latter region. In most western and 
northern districts the month’s weather favored corn, 
hay, and oat growth, but in the Ohio Valley and to the 
southward the hot, dry weather was unfavorable, and 
oats and hay were cut short in many sections and the 
growth of corn was retarded and the crop much damaged 
in the more southern districts. 

In the cotton belt the month was exceeding dry and 
hot, despite which early planted cotton made good 
growth, but the trucking interests of the South suffered 
severely from lack of moisture. 

The precipitation during the month was sufficient to 
keep the ranges of the West generally in good condition, 
but at the close more moisture was needed in many cen- 
tral and southern sections. 

Over the Pacific Coast States the weather of the month 
was generally favorable, but some damage to wheat 
occurred by frost near the close in the northern highlands. 


Maximum wind velocities, June, 1914. 














{| | 
| Ve- | n; } | : 
: ~ Direec- || : | Direc- 
Stations. | Date. = | ‘tion. | Stations. Date. loc- | “tion 
| 
an OM AT STR eeee! re 
| | 
|__| Mi.fhr.| Misr. 
Bismarck, N. Dak..| 25| 653/e. Nashville, Tenn....) 12| 52 | nw. 
Charleston, 8. C....} 9 | 58 | ne io” See, eee oe) 65 | nw 
Cheyenne, Wyo....| 20 50 | w. ; Sy cee 25 | 62 | sw. 
POAC eitce bint’ | 26 58 | w. New York, N. Y 16 | 55 | nw. 
Columbus, Ohio....! 4 55 | nw. . ‘ces hee ty 20 56 | nw. 
Ph ne eds ceccks . 54 | sw. arkersburg, W.Va. 22 | 57 | nw. 
Devils Lake,N.Dak.| 6 50 | sw. Pierre, S. Dak...... 26 | 56 | w. 
a ae - - ne. | waicne i an 4 | = ay 
Deo cescccccesss | i 2 | ne. ittsburgh, Pa...... | . 
El Paso, Tex: ...... } i 58 | se. | Point Reyes Light, | 
Grand Junction, | Se ete 2; 52) mw. 
fe eee 6 55 | sw. SS ee ese 3 | 73 | nw. 
Huron, 8. Dak..... 3 58 | nw. ee ee 4 94 | nw. 
Lincoln, Nebr......| 14 52 | nw. Co ee ee 5 | 67 | nw. 
Minneapolis, Minn..! 18 56 | n. | MOS cadadewes 11 | 50 | nw. 
BPO Sa stinnw anes | & 67 | nw. || a See 20 | 76 | nw. 
Modena, Utah...... 5 50 n. ae = ae ee 21 - nw. 
est Pro 24 52 | sw. BE eee 22 nw. 
Wit sits abot 25| 51|sw. || Providence,R.I....| 16|  52| nw. 
Mount Tamalpais, } | Rapid City, S. Dak.) 25 50 | sw. 
CM Leeds oes 74 | nw. || St. Foal, Minn. .... 10 so se. 
(i ae ee a 5 67 | nw | POR a nn 04 date ns 23 56 | nw. 
BIO weeit dve=%h) 6 68 | nw. || Sioux City, Iowa...| 13 54 | s. 
IDs BIN Sn oo 10 52 | nw a LE Aepdidenas | 23 = s. 
4 Be eee 18 50 | sw. } Ge Pei nkdeatees 27 w. 
Res oes J. ..05 23 53 | nw. | Valentine, Nebr....| 12 56 | e. 
Mount Weather, Va.; 27 58 | w || Wichita, Kans...... 5 50 | nw. 
Te wogbisnaaees 29 56 | nw | Williston, N. Dak.. 3 50 | n 
ans 30 56 | nw | 
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Average accumulated departures for June, 1914. 





ns pene 
Temperature. Precipitation. Cloudiness. hiumidity 
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|$4 (3. /$2 | $4) 3. $3|8 |53\2 
|} g/g ~s = “s ml ot) ich 
letric jas es 9 ig - soils isoig 
Districts. | $8 a: | 38 85 $6| 2/85 ed 
|"8 | §+ilge./"8) ge “S/EEI"sisé 
—_— & -= ~-oae —e- | KS _— & -o =—t | =O 
[ES /82 |E2s/ 63) be ES5/E /ES/ER 
25/25/2383) 2°] 8&5 So; & 221s 
|§e2/S6 |865/ Se) Fs Sse|/S |S52/ 
ics ia i< os /A osiA jos8la 
| | 
ao tet 2 Bee ATSB. 5 Ins. P.ct.| P.ct 
New England......... 62.1 |—1.0 |— 6.9 | 2.21 |—0.90 |—2.00 | 5.3 |4+0.1| 70; —9 
Middle Atlantic......| 70.9 |+0.8 |— 1.1 | 2.84 |—0.90 |—2.70 | 5.1 |+0.1 | 63 | —10 
South Atlantic....... 79.3 '+3.3 |4+ 2.9 | 3.09 |—1.80 |-7.90 | 5.0} 0.0} 74) —4 
Florida Peninsula. ...| 81.6 |+1.1 |— 3.1 | 2.78 |—4.00 |—6.10 4.6 |—-0.6| 75) —5 
| RRS Te 82.8 |+4.7 |+ 2.0 | 2.85 |—1.70 |—6.10 | 4.0 |-0.7| 70 —5 
WE ccccun- vncel 82.4 |+3.4 [+ 2.2 | 0.73 |—3.00 |—5.40 | 3.4 |-0.9| 69 —7 
Ohio Valley and Ten- | 
eee | 76.5 |\4+3.3 |+ 0.8 | 2.85 |—1.40 |_—6.40 | 4.7 |—0.3 63|—7 
Lower Lakes.........} 66.1 |—0.9 |— 6.2 | 2.51 |—1.10 |+0.40 | 4.8 |-0.1 67 — 4 
Upper Lakes......... 62.5 |—0.1 |+ 1.3 | 4.75 |4+1.40 |+0.90 | 5.3 |-0.2] 71 2 
North Dakota........| 638.2 |—0.5 |4+10.6 | 7.84 |+4.20 |+2.90 | 8.5 j|+0.4]| 741+ 6 


Average accumulated departures for June, 1914—Continued. 














| | 
Temperature. Precipitation.  Cloudiness.| Relative 
| humidity. 
| 
M * o bw oO 1 @ ne eo | oo: oe 
E4/ 3. 4/8. |$2 82/2 [83/2 
, sSlee ao] we * igs! é soig 
Districts. Ss&& ies $8#/ es |¥ 38, 24/88/25 
BE] oF Ae of Is Be:1o8 188 oa 
af | £3 \28- ce Ss 38\52) 86/8 BE 
as | GE is BE (8S 5/ES3/ E8185 ta 
=o | ae 25 St 558/05) gs 5's 
Se} Ss S2|/ 85 Sa5ise S (Se! 5 
os |A og 1A < SSiA |osia 
as Hy Mississippi Val-| ° F.| 7.) °F.) ies.) Ine Ins. |P.ct. P.ct. 
i titund ecards bess 73.6 |4+2.7 |4+ 9.5 4.56 |+0.20 |—3.30 | 5.1 |+0.1] 66) — 4 
Missouri Valley....... | 74.6 |+3.7 |+14.3 5.86 +1.50 80} 4.4 |-0.5] 68/41 
Northern slope....... | 61.9 |—0.2 |+13.8 | 2.70 |[+0.40 |—1.10 | 5.2 40.4] 62) 4 5 
Middle slope. ......... 75.9 |+4.0 |+13.5 2.33 |—0.80 |—2.00 | 3.7 0.3}; 59, —1 
Southern slope Seeas en | 78.0 |+0.8 |+ 6.1 | 1.84 —1.00 |+0.40 | 3.8) 0.0] 62 — 2 
Southern Plateau..... | 76.7 ce 9 |+ 3.8 0.65 +0.30 |+0.20 | 2.8 |+0.8 19 +13 
Middle Plateau....... | 63.3 |—1.9 |+ 9.1 | 1.43 |+0.90 |+0.80 | 3.8 '+0.5| 46/) + 9 
Northern Plateau.....| 61.7 |—3.2 |+14.5 | 1.44 |+0.30 |—0.90 | 5.3 [40.7] 54,43 
North Pacific......... 56.8 |—0.8 |+13.7 | 1.94 —0.10 |4+0.10 | 5.7 -—0.4} 77; +1 
Middle Pacific....... | 60.5 |—2.1 |+ 8.0 0.79 +0.40 |—0.40 | 3.9 |4+0.6] 66 + 4 
South Pacific......... 65.6 i +14.3 | 0.14! 0.00 |+3.80 | 3.4 |+0.1] 68 | + 2 
| 


CONDENSED CLIMATOLOGICAL SUMMARY. 


In the following table are given for the various sections 
of the climatological service of the Weather Bureau the 
monthly average temperature and total rainfall; the sta- 
tions reporting the highest and lowest temperatures with 
dates of, occurrence; the stations reporting the greatest 
and least total precipitation; and other data, as indicated 
by the several caadies. 

The mean temperature for each section, the highest 


and lowest temperatures, the average precipitation, and 
the greatest and least monthly amounts are found by 
using all trustworthy records available. 

The mean departures from normal temperatures and 
precipitation are based only on records from stations 
that heed 10 or more years of observations. Of course 

} 


the number of such records is smaller than the total 
number of stations. 


Summary of temperature and precipitation, by sections, June, 1914. 








Temperature—in degrees Fahrenheit. Precipitation—in inches and hundredths. 
& tie Monthly extremes. & S. Greatest monthly. Least monthly. 
s J = is - 
Section. i 2 ee eee —_—_—___—_—_— © a 
= 2e 3 2 
ee 5° ~ 2 a 5° < rey 
2 s°2 Station. = 3 Station. & < = 32 Station 3 Station. | 3 
> aS eo = e = 2 os = f 
3 + a oJ = S Ss 2 2~ = = 
DQ — = = a - a = < |; << 
Ce Te ees | 83.1 | +5.1 | Maple Grove........ 109 26 | Lock No. 4........ 51 11 | 2.66 B00 | SUMMA. .6.<ccsccccesl O66. | COOhmeme. occ cccsac | 0.10 
Pe er eae SOR Rea eae 119 Be | SOB occ ceess 28 3ft| ¥-06 | +0.36 | Paradise............. & Bey” eee ; 0.00 
ee eee ee 82.3 | +6.1 | Wiggs.............. 109 Se. | ae eee 52 28 1.00 BORE) a ee BI rege | 0.00 
1S a 66.4 | —2.6 | Greenland Ranch...) 124 29 | Summit.......... 20 5 || 0.85 FOROe | BOMORIIS. .... ccccccen 5.57 | $2 stations.......... | 0.00 
er SA Syl Se SOO. BT) Menge ccs cccce 20 | 15 || 1.80 | +0.41 | Sedgwick........... y ee, at 7 Oe 
POOP S55 pew cowesied $1.9 | +2.4 | Middieburg......... v Pe fr” “ee 58 6 | 4.03 | —2.58 | Archer............... 6.19 | Sand Key........... 0.14 
S| hadi 82.2 | +4.4 | Waynesboro........ 109 25 | Gainesville........ 51 19 || 3.51 | —1.24 | Valdosta............. Boe PRON cov c soc ce os 0.78 
Hawaii{for May]..... ak iwesanks ae 91 24 | Waimea.......... 52 6 |12.40 |........| Waiakamoi.......... 60.68 | Waianae............ 0.68 
Idaho i" 58.8 | —1.7 | Glenns Ferry....... 106 | 18 Pierson........... i4 6 | 2.13 | +1.03 | Castle Creek......... 4.97 | Arrowrock.......... 0. 32 
Illinois 75.5 | +3.8 | 7stations........... 105 247, Sycamore......... 37 167} 2-60 | —1.10 | Yorkville............ 7.82 | East St. Louis...... 0.09 
Indiana 75.0 | +3.7 | 2stations........... 106 107} Auburn........... 38 20 | 2.38 | —1.57 | Marengo............. OOD ES =e 0. 26 
oS aa 72.2 | 43.1 |..... PN cith, wickeiaraiee we 101 9T| 2stations......... 40 Sti 5.57 | 41.19 | Osage. .............2. 3.24 | Bonaparte.......... 1.17 
Kansas 78.2 | +5.4 | Santa Fe............ Te Fo "ere 40 g || 4.04 | —0.29 | Valley Falls......... 10.92 | Saint Francis....... 0. 23 
EROS 78.3 | +4.4 | Beaver Dam........ 108 24 | Farmers.......... 45 17 | 2.30 | —1.92 | Richmond........... | 5.54 Blandville.......... | 0.26 
Louisiana............ 83.4 | +3.2 | Liberty Hill.......-. 108 | 30 | 2stations......... 60 1¢| 2.51 | —2.69 | Robeline............. 6.40 | 2stations........... | 0.40 
Maryland and Del....| 72-3 | +1.5 | Cumberland........ 110 | 25 | Deer Park........ 26 17 | 3.86 | —0.11 | Princess Anne....... 10.60 | Delaware City...... | 1.27 
Michigan..... 4 SOS 63.6 | +0.6 | Mount Clemens..... 99 9 | Chatham......... 24; 16 | 2.26 | +0.88 | Adrian............... 10.83 | St. Ignace........... 1. 23 
Minnesota............ 64.6 | +0.1 | Farmington......... 97 sf "eee 28; 19 | 8.11 | +4.16 | Grand Meadow...... e's). ; a 1.45 
Mississippi........... 83.3 | +4.7 | Columbus........... 108 | 26 |.Duck Hill........ 59 | 29 || 2.33 | —1.97 | Shubuta............. 6.99 | Clarksdale.......... of 
| SS haa ater 79.3 | +6.2 | 2stations........... 106 | 23t| 2 stations......... 43 | 17 || 2.37 | —2.29 | Kidder.............. 7.31 | St. Louis (1)........} 0.10 
Montana............. 58.4 | —1.0 | Chimook............ 101 BF itstwacevcss 24 22 || 3.78 | +1.45 | Poplar............... ORR Se Ser 1. 49 
ieee Ste ee FD. nce se cotacce 106 | 20) Harrison.......... 36 | 20 || 60 | 40.77 | Cairo. ..... ccc ccc cee it ae... Seis 0.38 
oo arr s 62.0 | —3.1 | Leeland............. 114 ‘9? ere 12 6 || 1.26 | +0.83 | Rebel Creek......... SE EEE | 0.09 
New England........ 62.7 | —1.7 | Norfolk, Mass....... 97 25) Patten, Me....... 24 4 | 2.32 | —0.97 | Presque Isle, Me..... 4.80 | Provincetown, Mass. 0.55 
New Jersey........... 68.5 | —0.8 | 3 stations........... 98 8t| Woodbine........ 35 17+|| 2.66 | —1.17 | Belvidere. ........... 4.85 | Woodbine.......... 1.09 
New Mexico.......... 69.5 | +0.3 | Lordsburg.......... 106 29 Elizabethtown.... 25 9 | 1.91 | +0.45 | Pinos Altos(near)....| 5.21 | Los Lumas.......... i; 0.10 
eS 63.6 | —0.9 | Mount Hope........ 99 | 25 | 4stations......... 29 6; | 3.27 | —0.39 | Adams Center....... & fi, eee | Ls 
North Carolina....... 77.2 | +3.6 | Greensboro......... 104 ll Janners Elk...... 47 1 3.28 | —1.91 | Rockingham......... BAP SUD ac bcenskeendens | 0.95 
North Dakota........ 62.2 | —0.9 | 3stations........... 93 2 eer |} 29! 19 || 6.26 | +2.82 | Carson............... 13.28 | Pembina. ........... 2. 43 
a ee = 71.4 | $21.8.4 Syracnes. ......00.- 104 2% | 2etations........... | 32 17 || 3.14 | —0.68 | 2stations............ 6.33 | 2 Stations... ..cccccse; 1.15 
Oklahoma............ 81.1 | +5.4 | Newkirk............ 109 19 | Kenton........... 46 9 || 0.99 | —3.09 | Pawhuska........... 8 ee | eee ee | 0.00 
ER ae > 59.0 | —0.7 | Umatilla (2)........ ~ 2 0 Sere | 14 5 |} 2.01 | +0.32 | Headworks.......... 5.39 | Hermiston.......... | 0.22 
Pennsylvania........ 68.5 | +0.6 | Uniontown......... 101 11 | Pocono Pines..... 25 6 || 3.75 | —0.41 | Somerset............. Fe A witacaccces scans + ig ag 
Porte Ried... css 77.5 | —0.8 | 3 stations........... 04 7t| Aibonito.......... 54 2+); 5.93 | —0.95 | RioGrande(ElVerde))| 24.34 | Hac. Isidora......... 0.41 
South Carolina....... 81.1 | +3.4 | Blackville.......... 108 26 | Tremtem. «. <<<... 50 18 || 3.80 | —1.25 | Ferguson............ 7.67 | Clemson College... .. 0. 26 
South Dakota........ 67.5 | +1.6 | Cottonwood......... 101 25 | Camp Crook...... 33 7 || 5.03 | +2.30 | De Smet............. aR Per ere ; 1.04 
Tennessee............ 80.4 | +6.3 | 2stations........... 1108 | 25t; Rugby........... 7 45 1 || 2.53 | —2.15 | Liberty.............. 7.62 | Covington.......... =; 
I fie ee “REP & FY Mier ie evra A ¢ see . 48 3 || 1.47 | —1.58 | Sonora............... & Be Fi ee 0.00 
Nee eae aa 62.2 | —2.2 | 4stations........... 104 | 26+) East Portal....... 11 7 |j 2.03 | +1.42 | Erekson............. 4.42 | Hurricane.......... 0.45 
LO Se eS IE 8 eae 103 | 12 Dale Enterprise... 40 3 || 2.68 | —1.91 | Swetnam............ 6.90 | Max Meadows...... 0. 21 
Washington.......... 50.6 | —1.0 | Eltopia............. 107 | 16 | 2stations...........| 25 | 21f|| 1.94 | +0.34 | Cedar Lake.......... 7.30 | Fort Simcoe........ 0.01 
West Virginia........ 72.0 | +3.0 | Point Pleasant......| 104 | 24 | Bayard........... 30 | 17 || 3.00 | —1.71 | Cortland............. B.06 | BOMINOI.. ca vccccces 0.62 
. eae 64.0 | —0.9 | Sheboygan (3)...... 93 8t Sturgeon Bay.......| 29 | 16 || 6.98 | +3.63 | Hancock............. 11.75 | Prairie du Sac...... 3.27 
ERR 57.3 | +0.2 | Fort Laramie....... 100 | 19 | 2stations......... | 18 | 7f) 1.49 O20 | AltB...cccccscce eae ee eee - 
¢ Other dates also, 
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JUNE, 1914. 
DESCRIPTION OF TABLES AND CHARTS. 


Table I gives the data ordinarily needed for climato- 
logical studies for about 158 Weather Bureau stations 
making simultaneous observations at 8 a. m. and 8 p. m., 
seventy-fifth meridian time daily, and for about 41 others 
making only one observation. The altitudes of the in- 
struments above ground are also given. 

Table II gives a record of precipitation the intensity of 
which at some period of the storm’s continuance equaled 
or exceeded the following rates: 

Duration (minutes)............ § 10 15 2 2 30 3 40 45 5 60 
Rates per hour (inches)......... 3.00 1.80 1.40 1.20 1.08 1.00 0.94 0.90 0.87 0.84 0.80 

In cases where no storm of sufficient intensity to enti- 
tle it to a place in the full table has occurred, the great- 
est precipitation of any single storm has been given, also 
the greatest hourly fall during that storm. 

Table III gives, for about 30 stations of the Canadian 
Meteorological Service, the means of pressure and tem- 
perature, total precipitation and depth of snowfall, and 
the respective Sevatiutes from normal values, except in 
the case of snowfall. 

Chart I.—Hydrographs for several of the principal 
rivers of the United States. 

Chart I].—Tracks of centers of high areas; and 

Chart I1I.—Tracks of centers of low areas. The roman 
numerals show the chronological order of the centers. 
The figures within the circles show the days of the month; 
the letters a and p indicate, respectively, the observa- 
tions at 8 a. m. and 8 p. m., seventy-fifth meridian time. 
Within each circle is es given (Chart II) the last three 
figures of the highest barometric reading and (Chart III) 
the lowest reading reported at or near the center at that 
time, and in both cases as reduced to sea level and stand- 
ard gravity. 

Chart IV.—Total precipitation. The scale of shades 
showing the depth is given on the chart. Where the 
monthly amounts are too small to justify shading, and 
over sections of the country where stations are too widely 
separated or the topography is too diversified to warrant 
reasonable accuracy in shading, the actual depths are 
given for a limited number of representative stations. 
Am unts less than 0.005 inch are indicated by the letter 
T, and no precipitation by 0. 


MONTHLY WEATHER REVIEW. 


401 


Chart V.—Percentage of clear sky between sunrise and 
sunset. The average cloudiness at each Weather Bureau 
station is determined by numerous personal observations 
between sunrise and sunset. The difference between the 
observed cloudiness and 100 is assumed to represent the 
percentage of clear sky, and the values thus obtained are 
the basis of this chart. The chart does not relate to the 
nighttime. 

Chart VI.—Isobars and isotherms at sea level and pre- 
vailing wind directions. The pressures have been re- 
duced,to sea level and standard gravity by the method 
described by Prof. Frank H. Bigelow on pages 13-16 of 
the Review for January, 1902. The pressures have also 
been reduced to the mean of the 24 hours by the appli- 
cation of a suitable correction to the mean of the 8 a. m. 
and 8 p. m. readings at stations taking two observations 
daily, and to the 8 a. m. or the 8 p. m. observations, re- 
spectively, at stations taking but a single observation. 

he diurnal corrections so applied will be found in the 
Annual Report of the Chief of the Weather Bureau, 
1900-1901, volume 2, Table 27, pages 140-164. 

The isotherms on the sea-level plane have been con- 
structed by means of the data summarized in chapter 8 
of volume 2 of the annual report just mentioned. The 
correction ¢,—¢, or temperature on the sea-level plane 
minus the station temperature as given by Table 48 of 
that report, is added to the observed surface tempera- 
ture to obtain the adopted sea-level temperature. 

The prevailing wind directions are determined from 
hourly observations at the great majority of the sta- 
tions; a few stations having no self-recording wind direc- 
tion apparatus determine the prevailing direction from 
the daily or twice-daily observations only. 

Chart VII.—Total snowfall. This is based on the re- 
ports from regular and cooperative observers and shows 
the depth in inches and tenths of the snowfall during 
the month. In general, the depth is shown by lines 
inclosing areas of equal snowfall, but in special cases 
figures are also given. 

Chart VIII.—Depth of snow on ground at end of the 
month, expressed in inches and santhds 

Charts VII and VIII are published only when the gen- 
eral snow cover is sufficiently extensive to justify their 
preparation. 
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TaBLE I.—Climatological data for United States Weather 
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TaBLE I.—Climatological data for United States Weather Bureau stations, June, 1914—Continued. 
Elevation of Pressure in Temperature of the air, in degrees & |& | Precipitation, | J 5 
instruments. inches. Fahrenheit.’ if lc inohes. Wind. : iz 
isis \o 
| ~~ | 4 | 
@o o ‘ ' |? fe U ese iy | ls = 3s 
$ 12 |€ |S, /8.] 4 3 a Pm igic 8 e is |% = Maximum |B a «3 
2 8 floes 5 | fe | 8 lecls. $ (ig | iB) | 8 — 
Districts and stations. gals 3 33 3 a |filg g | gis li Sai" we eS © ame it) jee ag 
o8 Seis) ox (Fala (t+\2u|.| 8] _| lees see" |esleels¢! 3 |g sigie| 2 |ba 
Sgleslas|"§s|25 1/26/3188 /8| |3\8| |sisdisig & eslegiRs| Fal g BiSi3/ 2] & |g 
a5 |g G\S&) os ee i8 |agleé 5 #3 Ble" sis |é es BRHF) = los! 3 Sip.|m| | &@ IS 
e-|E |f |Se/22/8 lel leisigigisigis |gig ig )a/2 elf | & £3 BlelgigiZielak 
a 2 ls |3h/ge\& |8 |S [8/2\8\8 (2/2 /5 | S16 Bic | s Bs £ /Si8isls/ 8) 3 ie 
a a ja |A {A |A JAIAIA AAA LA BF }A Bie | & A} A SA OImIO ls] & ia 
ermaces te a «3 = On es GE 2a ee j paneteniys ba ea wae:4 SO Ges Ai Gemmes laneel 
} j | 
Ohio Valley and Tennes 76.5 + 3.3 | | } aj 2a | | | : 4.7 
| 
Chattanooga......--.-- 762} 189] 213) 29. 23/ 30.02/+ .02| 80.5/+ 5.1] 98; 26) 92 58) 19| 70} 28, 69| 64| 64) 2.25, 2.1) 8 4,889) sw 37| n. 1} 10/17} 3) 4.5)... 4 
Knoxville............. 996} 93) 100) 28.98) 30.01\+ .01] 79.4/+ 6.0] 99] 27/90 56] 18) 68} 27) 69| 64) 65) 3.91/— 0.3) 8 3,191} sw. | 32) n. 12) 12' 12} 6! 4.9}..... S62 
ae 399| 76 97) 29.60! 30.02/+ .05| 84.2/+ 6.5] 99} 27/ 93 64) 17| 75| 23) 72) 67/ 60| 0.12\— 4.2) 1) 5,277) sw 32) nw. | 15) 20; 8| 2) 2.5)..... es 
Nashville..........---.] 546] 168) 191] 29. 45| 30.02/4+ :03 81.814. 5.5100) 25] 93 60} 18| 71} 32! 70} 64) 61! 2.95|— 1.4] 7| 5,024) sw. | 65) mw. | 15) 15, 12} 3) 4.0)... a 
Lexington,........-... 989} 75) 102) 28.96) 30.00! .00| 75.8\+ 2.6] 99) 27; 86 53) 17) 65| 29/_...|....|....| 4.77/+ 0.8] 8 5,982) sw. | 40) mw. | 25] 14 13] 3] 4.0)..... 
Louisville........ -++| 525) 219) 255) 29. 44) 30.02+ 04 78.9\+ 3.9)101) 27) 89 55) 17) 68) 28 68} 63| 61) 2.20\— 2.0) 5! 7,301) sw. | 34) n. 1) 9,17) 4) 4.7)... os 
Evansville. ........... 431| 72} 82) 29. 53) 29.99/+ .02| 80.0)+ 4. 7/100) 24) 90 57) 16| 70} 28) 69] 64) 63) 3.99|~ 0.2! 8) 4,679) sw 46} ne. | 13} 9} 20) 1) 4.5)..... ys 
Indianapolis. ......... 822) 154) 164! 29.13) 30.00 + .03| 74.8'+ 2.4] 97' 24) 85 49] 16' 64) 31! 64) 58 58 3.65\— 0.7] 8 6,484) sw. | 35, sw. 4) 7 20} 3'5.2)..... j 
Terre Haute,.......... 575| 96} 129] 29.38) 29. 98)...... Re 100) 24 88| 48) 16 66) 29, 66) 60) 59) 1.41)...... 5| 6,506] sw. | 29) sw. | 21) 3) 24) 3) 5.7]..... oT 
Cincinnatil,...........- 628) 152) 160} 29.34] 30.00.+ .01] 76.2'+ 2.5/100| 27| 87/ 52) 20) 66} 31) 66] 60) 61) 2.20|\— 1.8) 9] 4,697) sw. | 27) mw. | 25] 11/ 16) 3) 4.6]..... 
Columbus, ...-....---- 824) 173) 222) 29.16] 30.01/+ .02| 72.6/+ 1.6] 97) 24) 84) 45) 20 61) 35) 63) 58) 64) 2.03/— 1.5) 7) 6,994) sw 55| nw. 4; 11) 12) 7 4.7)..... ee 
BE hs wae onc esus 899} 181) 216] 29.06) 29.99|......| 73.0/+ 0.8} 97} 27| $4] 46) 20| 62) 37) 64) 58 65) 2.17|— 1.8} 9] 6,654} ne. | 45) n. 4| 10} 11) 9} 5.4)... ‘ 
Pittsburgh............ 842) 353} 410) 29.11) 30.00/+ .01) 71.0\— 0.1) 93) 24] 81} 45) 17) 61) 31) 61| 54/ 59! 3.31/— 0.6] 7 7,316] nw. | 53) mw. | 27) 10) 10) 10) 5.3)..... oes 
Bc cthed hie oh <08 1,940} 41) 50) 28.02) 30.01/-+ .01| 69.5)+ 2.9] 95) 10) 83} 37) 17\ 56) 44) 61! 58} 72) 4.23|\— 0.8) 11) 2,498) w 29) w. 22) 6) 14) 10) 5.9)..... woes 
Parkersburg....-...--- 638) 77| 84) 29.38) 30.03/+ .03] 73.4/+ 1.9] 97| 25 85) 48) 20) 62) 38) 64) 59) 66) 2.16\— 2.5) 8 3,698) n 57| nw. | 22) 15) 12) 3) 4.0)..... sa 
Lower Lake Region. 66.1/— 0.9 | | | oy asi. | 4.8)... ‘ 
| baat } | | 
| | ey ee 767) 247) 280) 29.17} 30.00/-+ .03} 63.2|— 1.9} 80) 18) 70} 43) 20, 56] 26) 58) 54) 74) 1.72|— 1.4) 10 9,640) sw. | 46) w. 24) 10) 12) 8| 5.2)..... satin 
NN 1D Bancessesin 448, 10) 61) 29.48) 29.95)...... 61.0\— 4.8) 87) 24) 72} 36) 6) 50 ee ee 2.29|— 1.1] 10) 7,338) sw. | 28) nw. | 19) 20) 5) 5) 3.4)..... ve 
OSWORD. cccccccsceccce 335) 76; 91) 29.60) 29.96;\— .01] 61.3)— 2.5] 86) 24) 69) 44) 20 54) 30) 55) 51] 71) 1.36/— 2.1) 9) 6,490) w 28) sw. 24114 9 7) 4.5)..... — 
Rochester....--------- 523) 86) 102| 29.43) 30.00+ .03| 65.4/— 0.7) 92) 9| 75) 41/ 20) 56) 32) 57, 50) 61) 1.71/— 1.4) 13) 5,812) w. 27| w. 24| 15; 6] 9) 4.5)..... he 
Syracuse.......-.----. 597| 97) 113) 29.35) 29.99/+ .02) 64.4/— 2.5) 88} 24) 73) 41! 20) 56} 30 58, 53} 68) 4.40/+ 0.5; 13) 7,626) nw. | 49) sw. 24, 17; 6} 7 4.1)..... Beep 
Dcetanst dp -S~ ass od 714 92| 102| 29.24] 30.004 .02| 66.0\— 1.0] 92 24) 73} 45/ 17) 59} 24) 59} 55] 68) 1.17|\— 2.6) 9 6,107) w. 25] n. 29| 8 16) 6] 5.0}..... iy 
Cleveland ........0.05«< 762 190) 201| 29.20) 30.01/+ .03] 68.3/+ 0.4| 93) 24) 76} 48) 26) 60} 29| 61) 57] 69! 2.80|— 0.9! 9) 7,805) se. 42| n. 15} 6) 19} 5] 5.1 
oN Ss ae 629) 62| 103] 29.34/ 30.01/+ .03) 69.8+ 1.0) 95} 9| 78} 50) 17) 61) 34) 62) 57) 65 3.13\— 0.7] 11! 7,531) sw. | 37; me. | 15) 5| 16) 9| 5.71. 
Toledo.......--------. 628) 208) 246) 29.34) 30.02)+ .05) 69.9/+ 0.5) 95) 8] 79] 45] 20) 60) 29) 61) 56] 64) 3.29\— 0.1) 12) 8,924) sw. | 37) sw. 24) 13) 12) 5) 4.1)... 
Fort Wayne.........-.| 856) 113) 124] 29.09] 30.00/...... 70.4/+ 1.9} 96) 21) 82} 43) 20) 59) 35) 63) 58 67) 2.39]...... 9 5,849] sw. | 41) nw. | 26) 7| 18) 5) 5.2 
Detrolt......ccccccecee . 218) 258) 29.23) 30.01/+ .04| 68.0/+ 0.2) 94/ 8) 77) 43) 20) 59) 27) 59) 53 63 3.25)\— 0.6) 11) 7,592) w. 35) w. 24; 8 13) 9 5.6 
Upper Lake Region. | | | 62.5\— 0.1 | . 4. a 1.4 5.3 
AIRE ib 45 odes x0 008 609; 13) 92} 29.35) 30.02,+ .06| 59.6/— 0.7] 94) 9) 69 96. 20] 50} 33) 55) 50) 72) Es 0.8} 10) 7,606} nw. | 46) e. 28} 2) 20) 8] 5.8)..... nidbe 
Escanaba....-....-..- 612) 54) 60) 29.34) 30.00\+ .06| 59.0\— 1.6] 92] 9} 68] 36] 20] 50) 30} 54) 50} 74) 4.35\+ 0.8} 1J/ 7,494) s. 40} ne. | 28) 10) 10) 10) 5.8)..... ai 
Grand Haven......... 632} 54) 92) 29.32) 29.99/+ .03) 63.8\— 0.9] 82) 27] 73} 41) 16) 55) 30] 58; 53/ 70; 8.16\+ 5.6) 10) 6,710) w. 33) nw. | 28) 13) 8} 9) 4.5)..... ee 
Grand Rapids........./ 767, 70} 87) 29 25) 30.00\+ .03) 67.6|— 0.5] 91} 8] 78| 42) 16) 57/ 32) 60) 55] 65) 6.13\+ 3.6] 10) 4,020) w. 32| w. 24) 8 13) 9) 5.6}... er 
Houghton............. 62| 72) 29.26] 29.98/+ .04| 59.1/— 0.3) 94) 8 69] 39] 20) 49) 32/..../....]....| 3.97/+ 0.5! 13) 6,496) se. 40) e. 27; BH IS FAG. .0.c)e<es 
Lansing...-.------+--- 878 11| 62| 29.08) 30.00)...... | 66.0/— 1.4] 92} 8} 78) 37) 20) 54) 34) 59) 55) 69) 4.11/+ 0.7) 10) 3,306) sw. | 19) se. 26) 10) 11) 9) 5.3)..... sees 
Ludington............ 637| 60) 66) 29.31) 30.00)...... | 60.2)...... 79) 9} 69} 38) 20) 52) 27] 56) 52| 73) 7.39)...... 14) 6,852) s. 46) w. 24) 10} 12} 8 5.0)..... Wie 
Marquette...........-. 734; 77) 111) 29.22) 30.03/+ .09| 58.8/+ 0.3} 97] 7} 69] 34! 19) 49] 36) 52) 46) 65} 4.21/+ 0.7} 16) 6,443} nw. | 36) mw. | 11] 9} 8} 13) 5.8}..... ee 
Port Huron........... 638, 70) 120) 29.32) 30.01\+ .04| 64.3/+ 0.5] 94) 8] 74/ 39] 20) 55] 30) 58| 54] 69) 1.60|\— 1.6] 8 6,614) sw. | 38) n. 19] 10} 14) 6} 5.1)..... beet 
ES ES 641, 48] 82) 29.32) 30.01|...... i? aoe 94| 8] 77| 40| 16] 55| 32| 61| 58| 75| 3.8914 1.2) 9| 5,308] w. 32) nw. | 24) 12) 10) 8} 5.1)..... Jase 
Sault Ste. Marie....../ 614) 11} 61| 29.33) 30.02/+ .06) 58.0\+ 0.4] 92} 8| 70) 35| 20, 46) 35| 52) 46) 69) 2.72] 0.0) 12) 5,923) w. 34] nw. | 15) 10) 11} 9} 5.2)..... ae 
Chicago.........-----. 823) 140) 310) 29.13) 30.00\+ .04) 70.2/+ 3.9] 95} 9] 78} 651/ 16) 62| 28) 62) 58) 69) 3.53|\— 0.1) 12) 8,532) ne. | 40) mw. | 21/ 11) 13) 6) 4.5)..... : 
Oe aaa 617| 109) 144) 29.32) 29.98\+ .03| 64.3/— 0.8) 88) 8) 7 42 16} 56) 31} 58} 54/ 72) 8.68\+ 5.1] 15) 7,703] s. 48| sw 24| 6) 11) 13] 6.6)..... sate 
Milwaukee............ 681) 125) 139} 29.27] 30.00\+ .05| 64.4/+ 0.9] 90} 9] 73) 45) 16) 56) 33] 58) 53) 71) 6.05/+ 2.4) 14) 5,755) ne. | 39} mw. | 24) 9 12) 9} 5.4.2... War 
ere 1,133) 11) 47) 28.77) 29.98/+ .06| 57.0\— 0.7} 82} 10] 66] 39) 20] 48) 28; 54) 51) 81) 6.28+ 1.8] 17| 9,373] ne. | 62) me. | 27) 8] 15) 7 5.2)..... aa 
North Dakota. 63.2/— 0.5) 74|° 7.84/+ 4.2 5.8)..... wee 
MOCMENE 5500060006205 940; 8} 57} 28.93) 29.93/-+ .03) 64.8/+ 0.5] 85] 7) 75} 41) 19] 54) 35) 60) 57] 78 8.92/+ 4.8} 17) 5,612) se. | e. 26) 13) 10} 7] 4.5 
BismarcKk......------- 1,674, 8) 57) 28.16) 29.92/+ .05) 64.0/— 0.2) 84) 2) 74) 40) 19) 54) 32] 58) 54) 74) 9.90|+ 6.4] 19) 7,447) e. 53} e. 25} 9} 9} 12) 5.7 
Devils Lake........... 1,482 11} 44) 28.35] 29.90/+ .02) 61.6|— 1.0} 85] 2) 72) 38) 19) 51) 34) 56) 51) 72) 5.84/+ 2.3) 15) 8,282) ne. | 50) sw. 6} 7] 11) 12| 6.3 
Wiisdwccckasccess 1,872} 40) 47) 27.92) 29.87|+ .01| 62.2\— 1.3] 89] 2| 73} 42| 10) 52} 34) 55] 51] 72) 6.68/+ 3.1) 17) 5,858) se. | 50) n. 3} 3} 15) 12) 6.6 
Upper Mississippi | 
Valley. 73.6)+ 2.7 66] 4.56/+ 0.2 5.1 
Minneapolis........... RO. Se Pees ee 66.8]...... 88} 3) 76] 45] 19) 58} 29)..../....]....] 8.63/+ 4.6] 21) 8,426) se. 67; nw. | 23] 9] 8| 13) 6.0)..... pee 
FE, ee illkc den gob oddse 837) 201) 236] 29.03) 29.93/+ .01) 66.2/— 1.2] 88} 3) 75) 46) 19] 57) 28 60) 56| 72} 6.49/+ 2.1) 20) 8,971) se. 56] nw. | 23, 6) 15} 9) 5.7]..... Lies 
Oe ee ; 714) 11) 48) 29.19) 29.95/+ .02' 68.3/+ 0.1) 89) 3) 78} 49! 20) 59) 30)....)....|.... 9.78\+ 5.4| 17, 3,371) se. 36) nw.| 24) 6) 8 16) 6.5)..... soe 
MOGIOR, 2.060 60055-0606 974) 70) 78| 28.96] 29.99/+ .05/ 66.6/— 0.7] 87] 23| 76} 42) 20] 58} 20/ 61; 56) 71) 3.46\— 0.6) 14] 6,251| sw. | 39) n. 24| 8} 12} 10) 6.0)..... war 
Charles City......-..-. 1,015) 10) 49) 28.89) 29.94/+ .03 69.24 0.4] 91| 21} 79} 46| 17| 59| 30| 63| 60| 76) 5.85/+ 0.8| 18] 5,332] se. | 30) ne. 5} 8} 19) 3) 6.0)..... Ruse 
Davenport............ 606] 71] 79) 29.31) 29.96/+ .02) 72.4/+ 1.5] 96] 21| 82) 45) 20) 62) 38] 64) 60| 66) 8.84/+ 4.7| 12) 5,952) e. 40) w. 27} 9} 11) 10) 5.5}..... ite 
Des Moines............ 861! 84) 97| 29.02) 29.91/— .01| 74.4/+ 4.0 95] 24! 84] 52) 20] 64! 38) 65| 60) 65; 3.80/— 1.1! 10] 6,764) sw. | 48) sw. 6} 6, 18 6) 5.6)..... a 
IE inn vcdees es | 81} 96) 29. 24) 29.98/+ .05) 69.8/+ 0.2) 90) 8) 79} 45, 20) 61) 28) 63) 59} 70 5.81/+ 1.3) 15) 4,615) s 34] nw. | 24) 6] 15} 9} 6.0]..... Been 
PONE ondindnecccnons 614! 64) 78) 29.30} 29.96/+ .02| 76.8\+ 4.3)100] 26 87] 49) 20) 66) 39) 68} 63| 66) 3.33,— 1.0) 9) 5,853) s. 32) w. 27| 9| 19) 2\ 4.4).22.. = 
Se aS: 356] 87} 93) 29.60} 29.97} .00} 81. 7|+ 6.5/100) 27, 92) 62) 16) 72 26| 70| 66] 63; 0.92\— 3.4] 5] 5,310| sw. | 30] nw. | 11) 15) 9 6) 4.2)..... sae 
, eae 609) 11) 45) 29.33) 29.99/+ .04) 74.2/+ 3.3) 99] 21 86] 47] 20) 63; 40) 65] 60) 64) 2. 45|— 1.8| 8 4,859] s. 26) w. 27| 14) 11) 5) 4.2)..... sees 
Springfield, Ill........ 644! 10) 91) 29.30) 29.97|+ .02) 77.3\+ 5.0/100) 26 80} 50) 16) 66) 39, 66) 60) 58 1.69\— 2.6) 7| 6,010) sw. | 25) w. 27} 7) 17) 6 5.2)..... want 
a ee ee 534) 74) 109) 29.40] 29.96/+ .01| 78.4/+ 5.1] 99] 26 89] 53) 20) 68) 39|..../....]....| 2.60\— 0.9) 7| 7,139] sw. | 38] sw. 7] 14) 11) 5) 4.2)... Spine 
| eee 567) 265) 303) 29.37) 29.96/+ .01| 81.1)+ 6.0101} 26) 91] 67] 20] 71| 36] 68) 62 “ ae 4.4] 3] 8,999] sw. | 44] sw. | 27) 19) 9} 2) 3.4]..... arn 
| 
Missouri Valley. 74.6\+ 3.6 68 5.86\4+ 1.5 | 4.4 
| 
aoe Mo 784) 11] 84] 29.15) 29.96/4+ .01 male 4.3} 98] 26, 90} 50) 17) 68} 39)....]....1.... i 1.2} 9] 5,817] s 28) w. 27; 9 13) 8 5.0) eoee 
Kansas City 963, 161) 181) 28.92) 29.92) .00| 78.4/+ 5.4) 96) 26 88| 58| 17/ 69 34) 68) 5.51/+ 0.8} 11) 8,648) s. 48) n. 21| 15| 10} 5} 3.9).....}.... 
St. Joseph -| 967; 11) 49) 28.91) 29.91/...... 78. 2)...... 97| 20 88} 55) 17| 69] 35) 68) 64] 67] 5.40)...... 8| 6,431) s. 38) nw. | 14 14 8) 8) 4.4 beets 
Springfield, Mo 1,324) 98) 104) 28.62) 29.98/-+ .03] 78.8/+ 6.5| 97) 19, 89] 57) 16) 69} 30) 68) 62) 61) 1.48\— 3.7] 5) 6,944) s. 27| nw. | 30; 21) 7 2| 2.6 Vise 
Be bixeeesenshateothes 984) 11) 50} 28.91) 29.92)— .01) 79.6/+ 6.2) 98) 26 90 57| 17) 69 36 -++.|-+-- ---| 3.94/— 0.8) 7} 5,536) 8. 34| nw. | 30) 17) 10) 3) 3.4)..... wees 
;,  ——aweeee 983| 85) 101)......|..00s- ae 78. 2|+ 4.7| 98} 20) 88} 57) 17| 68) 35/..../....]....| 8.50/+ 3.7] 10) 8,333! s. 34| s 8 13; 11; 6) 4.0)..... bebe 
jE Ee EE 1,189) 11) 84) 28.65) 20.87\— .03| 75.2/+ 3.6 26| 86| 55! 28) 65) 33) 67) 63 10.71/+ 6.4) 17) 8,197) s. 52| mw. | 14] 11) 14] 5) 4.7)... devs 
ER as Coase saa 1,105) 115) 121) 28.74) 29.89|— .02| 75.2|+ 3.6) 97| 25 85} 56| 28 66) 33 67, 63] 69) 7.01/+ 2.0) 12) 6,104) s 36) n. 25| 10 15! 5) 4.4)..... eee 
Valentine............. 2,508, 47) 54) 27.22) 29.89 + .03| 60.8/+ 2.7| 95) 3 82) 48) 29 57) 41) 60) 54) 65 3.944 0.1) 14) 7, se 56) © 12) 17) 8 5) 3.6)..... —- 
i arr 1,135} 94) 164) 28.69 29.87,— .03| 72.6/+ 3.2| 94) 23 83} 53, 1) 62) 30) 65) 61] 69 3.91) 0.0) 15) 9,896) s. 67| s. 23; 8 14) 8} 5.3)..... rs 
; Saar 1,306) 59) 74) 28.52) 29.894 .O1) 68.0/+ 1.4/ 94) 3) 78) 49) 1) 58} 31) 62) 58) 76 11.56/+ 7.8] 15) 8,432) se. 58) nw. 3} 7) 16, 7| 5. 4)..... sees 
Tiare ‘i ES ERS 1,572) 70) 75] 28.26) 29.89 + .02) 68.8|— 0.1) 95) 18) 80) 51) 28) 58, 38} 61) 57) 69, 5.72\+ 2.6 16) 8, 068} @. “6 . 26| 7 19) 4) A Macdisioses 
EE. cb sceccccsees 1,233' 49! 57) 28.58 29.87\— .02) 71.7)/+ 2.3! 94) 21) 82' 50] 28) 62 34)....)....1.... 4.84+ 0.6 10 6,789 ne. ' 46 w. # 320) 7] 6.0......... 
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MONTHLY WEATHER REVIEW. 


TaBLE I.—Climatological data for United States Weather Bureau stations, June, 1914—Continued. 
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JUNE, 1914. 


MONTHLY WEATHER REVIEW. 


Taste II.—Accumulated amounts of precipitation for each 5 minutes, for the principal storms in which the rate of fall equaled or exceeded 0.25 inch in 
any 5 minutes, or 0.80 in 1 hour, during June, 1914, at all stations furnished with self-registering gages. 
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Total duration, ou Excessive rate. gs Depths of precipitation (in inches) during periods of time indicated. 
PE Pe 
—_ wt os 
“— _— a5 8% 5 | 10 | 15 | 20 | 25 | 30 | 35 | 40 | 45 | 50 | 60 | 80 | 100) 120 
From— | To- |g@$j| Began— | Ended— 2 | min. | min. | min. | min. | min, ‘min. min. /min, jmin, jmin. | min. /min. /min. /min. 
eo 
sf < 
pt ee 15| 3.55p.m. | 4,13 p.m. | 0.67 sresclesane 
Po Ay eRe eee WD Tes si cencdckieninsenstl >. 2 errr per rrrrrs rrrrrs errr Crrerrs prrerrs Perens Pree Pee Ce Ce Ce ee Oo 
DIE, Bien cceseees DM havc cuncdwsevivicgsthsenkan UF. Peers err rres eerrrrs Seren. eer ree errrrrs Perrrrs Peer Oren Ce Oe Oe ee ee 
Amarillo, ilapag nese 20 | 10.40 p.m, | 11.45 p.m. | 0.65 
Anniston, Ala............ 3 2 p.m. | D. = p.m a 
: + | 12| 4.10p.m. | 5.40p.m . 
Asheville, N.C........... K 28 | 2:20p.m.| 2:555.m. | 0.76 
eee Satan Baap het ot 0. 86 
Atlantic City, N. J....... O tei scevwcvncghocsussctaben 0.65 
BORAT, GE sc cwcccececes BG hives SGon dcilen aud eenenae 0.99 
OS RS eee ) ( REET PE. WR EEE 0.22 
Baltimore, Md........... TR Pepe Se Renee eS 0.50 
Bentonville, BEB ovnasoved PBB foc cccddce se chen scusetasas 0.84 : 
| 7| 6.15p.m.| 7.55p.m. | 1.04] 6.35p.m.| 7.12p.m.| .08| .21| .30| .44| .57/ .70 | .81 | .90 ee Fs ee rr) ee 
Binghamton, N. Y....... 2 24] 6.55p.m.| 7.40p.m. | 0.82| 7.08p.m.| 7.18 p.m. | .O8t) .32t| .60f]......|......]...2.-[ececeleceeeleeeec[orere[eceee|eeeees[eceralereee|aenes 
lt 28] 813 p.m. | 9.10p.m. -s a yt - = = q- “2 BBL. So dosdeolsssstlsavecisvedahteweseiwss debuee 
R 15 | 7.39p.m. | D.N.p.m./ 1.43 | 7.42p.m.! 7.59p.m.| . ? d : SS ER Ste Sete: SORE RS MSE aR Eat One eee 
Birmingham, Als........ \ 17 {12.26 ).m. | 4.20p'm:|1.38| L16p.m.| 217p.m.| 108] 109| 128] .30| .81| .72| .83 | .88| .O4 | .00 1.05 | 1.16 |i/a2"|-272- yw 
9.05 p.m. |D.N.p.m.} 1.01} 9.09p.m.| 9.39p.m.| .01] .24| .83] .41| 149] .58 | 67 |... .)--.--|eeeee[eeeee|eeeeee|erene|eeeen|enees 
Bismarck, N. Dak........ 26-27 | 1.40p.m. | 6.44a.m. | 3.22 | 6.23p.m.| 6.51p.m.| .20| .37 | .73 | 1.00 | 1.12 | 1.23 |L.31 |...--)..0--[-- 20 -|e eee] ene eee|eeenele rere avisee 
| 2 2.08 p.m. | 3.18 p.m. | 0.56 | 2.15 p.m. | 2.37p.m.| .O1 |......|...... 080 | 4D] 5D fo cccchewcccleccccfecccclecestiverors|cvncciooecsiovees 
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JUNE, 1914 


TaBie Il.—Accumulated amounts of precipitation for each 5 minutes, for the principal storms in which the rate of fall equaled or exceeded 0.25 inch in 
any 5 minutes, or 0.80 in 1 hour, during June, 1914, at all stations furnished with self-registering gages—Continued. 





Stations. | Date. | 
| | 
} 








Independence, Cal........ 2 
Indianapolis, Ind......... 10 
Ye ee 130-1 
Jacksoxville, Fla......... 14 
Kalispell, Mont........... 25 
Kansas City, Mo.........- 21-22 
Keokuk, Iowa............ 13 
i 6 4) ae 10-11 
Knoxville, Tenn.........-. 17-18 
4 

Lae Geant, Wi6iisiecscis- 6 
6-27 

OS} aa 6 
Lansing, Mich........ 26 
Lewiston, Idaho.......... 27 
1 

Lexington, Ky...... ‘ 


Lincoln, Nebr............ 


Little Rock, Ark......... 15 
Los Angeles, Cal.......... 7 
Louisville, Ky............ 5 
- ; f 34 
Ludington, Mich......... €- 
: \ 6-7 

Lynchburg, Va... ali 26 
Ne 2 1S 


Madison, Wi 





Marquette, Mich ened 27 
Memphis, Tenn........... 17 
Meridian, Miss............ 18 
i ions cthtstesss 11 


Milwaukee, Wis.. 
Minneapolis, 


Mobile, Ala...... 


Modena, Utah... 
Montgomery, Ala........ 


Moorhead, Minn... 

Mount Tamalpais, C 
Mount Weather, 
Nantucket, Mass 








Nashville, Tenn.......... 
New Haven, Conn... 
New Orleans, La........ 


ee a Se 
North Head, Wash. ..... 23 
North Platte, Nebr . 
Oklahoma, Okla..... 


Nehr 


Omaha, Nebr... 
Oswego, N.Y 
Palestine, Tex.. 
Parkersburg, W. Va.... 


Pensacola, Fla........... j 

| 18 
SS eee 27 
Philadelphia, Pa......... 27 
Ve ae 1-2 
oe SO ee 4 
PER, PA. . .00200.05 27-28 
Pocatello, Idaho..... 12 
Point Reyes Light, Cal... 6 
Port Huron, Mich........ 3 
PES BD sc oncwcnseses 29 
Portland, Oreg........... 5-6 
Providence, R.I......... 20 
ee 11 
"ae 21 
Rapid City, S. Dak....... 16 
OSS Oe ee 24 
Red Cliff, Cal....... 24 
Reno SE Sa 19 
Richmond, Va............ 25 
Rochester, N. Y.......... 19 
Roseburg, Oreg........... 24 
Roswell, N. Mex......... 2 
Sacramento, Cal.......... 2 


Saginaw, Mich............ 


































: = | . 2 @ eae ' : 
Total duration. = g | Excessive rate. Ss | Depths of precipitation (in inches) during periods of time indicated. 
2.2 | o= | 
es “| ee ae || | | } 
, | | 2's | | | | 
| | ane 2 as | | } 5 
. = m ea fo ed _ isss| 5 10 15 20 25 | 30 | 35 | 40 | 45 | 50 | 60 | 80 | 100 | 120 
From | To— Se Began Ended oe @| min, | min. | min. | min. | min. |min. |min. |min. |min. |min. | min. |min. |min. |min. 
om c= | } 
| e | < ae BS | | 
3.40 p.m. | 6.15 p.m. | 1.96 4.44 p.m. | 5.58 p.m. O31 ..12). .18| .2) a .55 | .67 | .74 | .84 - 94 {1.12 | 1.45 |1.92 |..... ats. 
- : 9 eg |f 9.45 p.m. | 11.01 p.m, . 05 18 23 .44 . 65 85 {1.07 1.25 |1.30 [1.41 |1.58 | 1.67 [1.99 }.....]..... 
E ip an g ij a} s I i ? ow }-Y 
9.15 p.m. | D.N.a.m.| 2.68 | 1.05 a.m. | 11.33a.m.|2.06| [09| :14| a1} l41| 25 Bate. Re efi [eevetdannnaolestitihte otifindnie 
7 rn OW \f 8.47 p.m. | 9.07 p.m. pee 604d: OO CSE) 166. oc. a ae ee = hee eee RE ee ee 
rae ee. D.N.p.m 1.80 |\10.53 p.m. | OE SS i eS ee ee ee ae ea ro Sr Sa vasle-mectbacsan ER: eX eee 
D.N.p.m.j D.N.a.m./ 0.82 | 11.38 p.m. | 12.00 mid. .21 06} .14/] .38 57 | 2 cae: ie US ee ae ERE SS Ee 
} | 
PASE? CD ESTES Sas ae EE ae ah Se OR See MES See ieee Pa eee Ps ee ee PP 
2.19 p.m. | 3.22 p.m. | 0.76 | 2.24p.m.| 3.00p.m. | .01) ooo efile. ERS ee ee Bo = Pee me ere" ee ates 
7.30 p.m. | 1.15 p.m. | 1.39] 8.15 p.m.] 848p.m./ .01 07 16; .38 ee A ee Fee ee ee eee ees Ree Se 
ete nnkisetbivhvscwendd 0. 49 | 
ae eee Pe aE a) ee ee ee ee SR SOR St EE ER SS ER hie ee ee 
8.50 p.m. | D.N.a.m,.! 1.62 - | 10.55 p.m. 
7.20 a.m. | 11.00a,m. | 1.75 .| 3.4la.m. 
phvaiikied ahah apie ake mine ) ee: ee en ees Re amas rel me 
D.N.p.t 9.55 a.m.| 2.95 | 6.10a.m. | a. 0 
1.35 a. 0 D.N.a.m,.| 0.61 | 2.28a.m.| 2.47 a.m. 
4.28 p.m 5.20 p.m. | 0.64 | 430p.m.j; 5.00p.m. 
10.52 p.m. | D. N.a.m./ 2.82 | 11.47 p.m. |] 1.22a.m. 
(inbtiambdnbidinnenedee ds 0.04 
isthe etbehcns cubis > oe 0. 47 
SS SS ere 0.1 
4.29p.m. | 5.30 p.m. | 1.07 32 p. 5.07 p.m. 
11.10 p.m. | 12 mid. | 0.63 | 11.25 p.m. | 11.36 p.m. 
Te or oe, | 1.04a.m./) 1.28 a.m. 
AS ©. 650 8. mm. | 2.94 1. 2.23a.m.! 3.02a.m. 


3. p.m. 10.40 a, m. 
10.02 p.m. | D. N.a.m. 
y T 11 iT m 


.05 p.m. 


10.4 2.40 p.m. 

y n. 4.00 a.m. 
f3.18p.m.! 4.20p.m. 
\ 5.40 p.m 8.10 p.m. 


6.02p.m. | 6.38p.m 
12.40} m " 2.20p.m. 
8.46p.m. | 11.45p.m. 


11.18 a.m. 


1.12p.m. | 


11.00 p.m. 






4.33 p.m. 
8.50 p.m. 


1.71 | 2.15 p.m.? 
ef Se 
0.56 | 2.58 p.m. 
fe eae: eee 





117); 8.05p.m. | 8.30p.m. 
0.65 | 11.57p.m. | 12.18 a.m 


1.08 | 10.16p.m. | 10.47p.m. 
1.44/ 2.34a.m.| 3.18a.m. 
n. | 3.08 a.m. 


0. 6S 1 

0.92 | 12.14p.m. 

0.56 | 3.29a.m ; 

1.61 | 3.21p.m. 

0.56 | 7.18p.m 

Ob BEL Ee. Se ee eee vee. Fr 
0.86 | 8.07 p.m. 

1.72 {10.09 p.m. 


\ 1.58 a.m. 


3.41 p.m. 


11.35 a.m. | 11.56 a.m. ! 


blown off. 


2 About; eye observation; top of gage 






























’ Stick measurement. 





June, 1914. MONTHLY WEATHER REVIEW. 407 


TaBLE II.—Accumulated amounts of precipitation for each 5 minutes, for the principal storms in which the rate of fall equaled or exceeded 0.25 inch in 
any 5 minutes, or 0.80 in 1 hour, during June, 1914, at all stations furnished with self-registering gages—Contin ued. 







































































































































= o 
Total duration. Sa Excessive rate. gs Depths of precipitation (in inches) during periods of time indicated. 
a=} 
EE Pe 
— —_ a5 Ga) 5 10 | 15 | 20 | 25 w | a5 | w | «| o w | a 100 | 120 
From— To— az Began— | Ended— 258 min. | min. | min. | min. | min. (min. min. min. |min. min. |min. |min. 
a < 
St. Joseph, Mo............ 4.58p.m.| 5.57p.m.| .51) .09| .28/ .39/) .49) .58 | .62 | .66 | .73 | .91 [1.35 | 1.52 |.....).....)..... 
BE. LE, MiBeccccccccccee] «9D lnacsapesmanebidaknpacdeanel ME Debsdamedaaeclevecagecodes 
St. Paul, Minn...... paseo) 10.03 p.m. | 10.25p. m. 
Salt Lake City, Utah..... 
San Antonio, Tex........ 
San Diego, Cal............/ T 
Sarid EAP, Dibesacncccces 0. 
Sandusky, Ohio.......... ‘ 
San Francisco, Cal.......- 0. 
Ban JO0s, Cl. .cccacceces " 
San Luis Obispo, Cal ....| ; 
Santa Fe, N. Mex........ { ye 
Sault Ste. Marie, Mich. ... , 
SAVEMNER, GG. .vccccccoes é 
a re | 3 
Seattle, Wash bnéheeewecne | | 0. 
Sheridan, Wyo........... 10. 
Shreveport, La........... § 
Sioux City, Iowa......... $ 
Spokane, Wash.........- 
Springfield, Ill...........- i 
Springfield, Mo..........- ¥ 
Bec Ets © avetecccans . 
TROON, WOM... 625.000 " 
ea Ee 
Tatoosh Island, Wash. ... ‘ 
Taylor, Tex.... cnebien ’ 
Terre Haute, Ind 8.10 p.m. | 0. .52 p.m. 
Thomasville, Ga 7.20 p.m. | 1. .59 p. m. 
Toledo, Ohio... 3.35 p.m. J .46 p.m. 
ROMO: GN co eeacececaesl ~  T tecsnvexinancttesacscamess WUE fe besudessdeclsgnuscoevens 
7.41 p.m. | 10.00 p.m. {| 1.11 | 8.40 p.m. | 8.56 p.m. 
TORS, BARB. 66s ceccccns 15 | 2.25a.m./| 7.48a.m.|1.27| 2.36a.m. | 3.04a.m. 
of — p.m. | wx p.m. | 2. = = p.m. = p.m. 
: ; 4.25 p.m. | 7.20 p.m. | 0. .39 p.m. .59 p.m. 
Valentine, Nebr.......... {29-30 | 10.00 bm. |D.N. a.m. | 0.75 | 12.21 4.m, | 1235 a.m. 
Vicksburg, Miss.......... 10 | 2.33 p.m. | 3.20p.m. | 1.02} 2.36 p.m. | 3.09 p.m. 
Walla Walla, Wash....... = wpa tabatnesdiontacechens 0.33 yon potpsen ese 
r 7 12.35 a.m. | 3.20a.m. | 0.89 .38 a.m .53 a.m. 
Washington, D.C........ { 28 | 4.34 p.m. | 10.37 p.m. | 2.41| 5.07p.m.| 6.11 p.m. 
Wichita, Kans........... ED insinated<pdeecnacnwewd iG [sdchoavecavelitescunscens 
Williston, N. Dak........ 3| 1.55 p.m. | 4.45 p.m. | 1.50] 2.08p.m. | 3.02 p.m. 
Wilmington, N.C........ ES ees NER EES: Se Re aS Saale 
Winnemucca, Nev....... ee ERE E e Peee ree 5 pee See ee 
Wytheville, Va........... + rpaprace coeds eptgesonss 0. 37 |. eg genase 
ron bs f .20 p.m 15 a.m. | 1.67 .48 p.m 17 p.m 
Yankton, 6. Dek......... ‘\ 10| 4.45p.m.| 5.40p.m. | 0.73| 5.04p.m.| 5.23p.m. 
Yellowstone Park, Wyo..| 11-12 |............ Jeneeccenccee 8 | SERS Oy CE eee 
i 
* Self-register not working. + Record partly estimated. t No precipitation occured during month. 
ABL .—Data furnishe e Ca nm Me ca , Jw . 
TaB.E III.—Dat hed by the Canadian Meteorological Service, June 1914 
Pressure in inches. Temperature (°F.). Precipitation in inches. 
Station | Sea level 
Stations. reduced | reduced ~~ Binet —- Mean Mean — Total 
to mean | tomean| om mean rom maxi- mini- | Highest.| Lowest. | Total. from | snowfall 
of 24 of 24 mum. mum. . 
hours hours. | 20rmal. | min. +2. normal. normal. 
PE CNEL IES DT .. cucccungeaneeseciaekeanckabendeeeenes 29. 72 29. 86 —.05 51.4 —0.2 60. 2 42.6 75 32 2.49 
|. hh | ea eer re 29. 86 29.90 —.05 52.4 —3.0 62.7 42.2 78 34 2.12 
alifax, N.S... ‘i 29. 81 29. 92 —.03 55.9 —1.8 67.8 43.9 87 32 5.36 
Yarmouth, N. S......... « 29. 86 29. 93 —.02 53.6 —1.4 61.1 46.2 69 35 3.92 
Charlottetown, P. E. I.. x 29. 83 29. 87 —.05 55.0 —2.4 64.0 46.1 79 37 5.32 
Chatham, N. B.... 4 29. 84 29. 86 —.03 57.0 —3.0 68. 2 45.7 88 30 5.39 
Father Point, Que 29. 82 29. 84 —.03 51.6 —1.4 59.8 43.4 76 32 2.16 
Quebec, Que.... 4 29. 57 29. 89 —.03 58.2 —3.0 68.0 48.0 86 32 2.99 
Montreal, Que.. S 29.70 29.90 —.04 62.1 —2.8 71.1 53.1 88 40 2.90 
Stonecliffe, Ont. * 29. 35 29. 95 +.01 60.0 —1.6 73.4 46.5 96 30 3. 25 
Ottawa, Ont.... ‘: 29. 68 30. 00 +.06 62.2 —3.1 72.0 52.4 85 39 2.92 
Kingston, Ont.... + ee 29. 65 29. 96 —.01 63.8 +0.4 69. 7 57.9 85 45 2.91 
2 eee ee eae ‘a 29. 58 29. 95 —.02 64.4 +1.0 74.8 54.0 91 38 2.17 
PE he ois ivi cktensexapanscaguuabskiawen 28. 66 29. 96 +.02 54.3 —4.4 71.0 37.6 91 22 0.70 
EG NN Ai liink ics scccceccusdsususesdicusbouteeas 29. 37 30.01 +.04 62.1 -1.7 71.8 52.4 88 36 2.27 
IEC NONE .canvacucsdeuceswaskinnshstedeceueue (ere eer eee 59.5 -9.9 69.5 49.5 89 33 2.29 
RE IE NOD. 0:0 dns cdstednsuenteusasesestunds 29. 30 29. 98 +.02 60. 4 —1.3 72.7 48.1 93 35 1.91 
ee EC EIND kon wsienscacceunsudeerhheseanssunee 29. 29 30. 00 +.06 58.0 +1.6 70.6 45.5 85 36 1.30 
ee SR a a ek Pe FOS ee 29. 11 29. 93 +.04 63.2 +1.0 75.3 51.0 89 35 1. 46 
IR MEI, 5. wccccccechseuseseuusubdaotasedoes 28.14 29. 93 +.04 59.4 —0.2 71.9 47.0 89 31 1.39 
Cg a es ee SR 27. 65 29. 87 .00 58.9 +1.0 70.7 47.1 90 38 3. 34 
TE ae ae ar’ 27.58 29. 82 —.03 64.0 +2.0 78.7 49.4 96 41 2.00 
ce Se Le Te ES 27.30 29. 82 —.05 60.0 0.0 72.9 47.2 91 37 2.31 
BS a errr ee ee 26. 35 29. 82 —.02 57.7 +1.7 71.4 44.1 89 31 2. 64 
I ns cadanindencdanenponalnedhatSaee’ 25.35| 29.88) +.04 52.5} +1.0 64.7 40.3 79 33 1.81 
SEENON. «cas nave scdouqeundaberabscatiar 27.60 29. 86 +.02 57.5 +0.6 68.1 46.9 84 39 8.53 
TN i canddenuedeccadtecmsbabeacsaaudcns 28.15 29. 86 -00 61.4 +1.9 73.1 | 49.6 88 40 2.47 
MIEN 5oh i oeaiveaswunsacneadbeabbanesecs 28. 68 28. 88 +.01 63.9 +0.1 76.8 51.1 92 41 0.54 
pa. 8 A Seep ne ater ieee cline A 29. 78 29. 98 —.03 55.9 —0.4 62.7 | 49.0 78 42 1. 67 
NR MONE, 8. cicuacedwtuwseveesuseehenenenotace 25. 64 29. 92 +. 05 50.4 —0.3 61.9 39.0 75 30 4.39 
PUI. sida<eivcnciacncencchocneasstens 30.01} 30.17) +.05 73.2| —1.8 78.3 68.1 81 61 2.08) —8.87 |oo.ccc.c.. 
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Hydrographs of Several Principal Rivers, June, 


Chart I. 
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